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PULMONARY TUBERCULOSIS IN NAVY RECRUITS! 
A Review of 50,100 Photofluorographic Chest Examinations 
ROBERT SHAPIRO? 


During World War I, physical examination of the chest was the only method 
employed by the armed services to eliminate recruits with pulmonary tuber- 
culosis. That this method was none too efficacious is evidenced by the mounting 
cost of service-connected World War I pulmonary tuberculosis. It is estimated 
by Spillman (1) that a total of 959 million dollars had been expended up to 1940 
for service-connected World War I pulmonary tuberculosis. This figure does 
not include any pro rata share of the millions of dollars spent for the construction 
of hospitals. As each month goes by, 3 million additional dollars are added to 
the bill, and it is calculated that by 1945 the cost of pulmonary tuberculosis 
associated with the last war will reach the sum of one billion dollars. 


METHOD OF EXAMINATION 


It was inevitable, then, that roentgenological examination of the chest would 
be the method of choice in the present conflict to weed out recruits with pul- 
monary tuberculosis. The superior ability of the roentgen ray to ferret out 
tuberculous lesions of the lungs not detectable by the most meticulous physical 
examination is a well known fact that requires no elaboration. 

The only problem that arose was the type of radiographic examination to be 
employed. There were several choices possible: (a) 14” x 17” celluloid film, 
(b) 14” x 17” paper film in 100 foot rolls, (c) 4” x 5” celluloid film, (d) 35 mm. 
photofluorographic film. 

It is not within the scope of this paper to discuss the relative merits and dis- 
advantages of the various methods. Suffice it to say that after considerable 
study the Navy selected photofluorography. The choice was made because of 
the rapidity with which these films can be taken and processed, the ease and 
simplicity of filing and the inexpensiveness of the procedure. With a 250 ex- 
posure motor driven camera, it is no feat at all to average four to five photo- 
fluorographic chest examinations per minute at a cost of two or three cents per 
film. 

INTERPRETATION OF PHOTOFLUOROGRAPHIC FILM 

Initially, before the roentgenologist is accustomed to reading 35 mm. films, 
it may be necessary (and is, indeed, wise) to order a fairly large number of 14” x 
17” check films. Thus, each suspicious photofluorograph should be compared 
with a 14” x 17” X-ray film of the recruit’s chest. At the beginning, the number 


1 This article has been released for publication by the Division of Publications of the 
Bureau of Medicine and Surgery of the U.S. Navy. The opinions and views set forth in 
this article are those of the writer, and are not to be considered as reflecting the policies of 
the Navy Department. 

2 Lieutenant MC-V(S) USNR. Mail address: c/o Mrs. Robert Shapiro, 55 East Street, 
Hartford, Connecticut. 
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of 14” x 17” films may average as high as 4 per cent of the recruits examined. 
Such a practice, however, will more than pay dividends later on. It will not 
only give the radiologist a keen understanding of the appearance of various types 
of artefacts, but will also establish confidence in his ability to recognize them. 
The liberal employment of this procedure at the outset wiil be amply rewarded 
by a steadily diminishing number of 14” x 17” films later on. With care and 
experience, it is possible to reduce the number of 14” x 17” check films to 0.5 
per cent of all recruits examined. 

Another note of caution pertinent to the interpretation of 35 mm. films has 
to do with fatigue. As soon as the radiologist notes that he is beginning to tire 
of reading the 35 mm. films, as evidenced by his going through them in rapid- 
fire succession, it is important that he stop and rest. To be sure, the element 
of fatigue varies with the individual. One has to determine one’s own threshold 
by trial and error. One fact, however, has been firmly established in this work. 
The percentage of errors in interpreting 35 mm. photofluorographs increases 
considerably as fatigue sets in. 

With these preliminary data in mind, after some experience is attained, the 
proportion of misses with 35 mm. film may be kept between 1 and 2 per cent. 


TYPE OF RECRUITS EXAMINED 


All examinations reported in this paper were performed on men seeking ad- 
mission to the Naval Construction Battalions, popularly known as the Seabees. 
A generous proportion of the men, therefore, were skilled artisans in the fourth 
and fifth decades of life. In this respect, they differed somewhat from the aver- 
age Navy recruit who is more likely to be in the second or third decade of life. 
This is further enhanced by the fact that all of the recruits, with the exception 
of the last 6,000 examined, entered the Navy before the lower age limit of the 
Selective Service Act was reduced to eighteen years. 

The geographical distribution was wide-spread throughout the United States 
as a whole. In addition, these recruits had all passed preliminary physical 
examinations at various recruiting stations throughout the country. 


CRITERIA OF REJECTION 


The Bureau of Medicine and Surgery considers the following roentgenological 
findings to be evidence of pulmonary tuberculosis and sufficient cause for dis- 
qualification: 


1: Any evidence of reinfection (adult) type of tuberculosis, active or inactive, exclusive 
of slight thickening of the apical pleura. 

2: Evidence of active primary (childhood) type of tuberculosis. 

8: Inactive primary pulmonary tuberculosis, if the degree or extent of involvement ap- 
pears to be of present or future clinical significance. 

4: Extensive multiple calcification in the lung parenchyma and massive hilar calcification. 
§: Evidence of fibrinous or serofibrinous pleuritis. 


Calcified hilar nodes per se, or calcified Ghon lesions in the pulmonary paren- 
chyma, if not too extensive, are not regarded as causes for rejection. 
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PHOTOFLUOROGRAPHIC FINDINGS 


This report is based upon a total of 50,100 consecutive photofluorographic 
chest examinations. 

A. Calcified primary pulmonary tuberculosis: 

(1) The incidence of calcified hilar nodes per se without a demonstrable cal- 
cified Ghon lesion in the pulmonary parenchyma was 5.3 per cent, as tabulated 
below. 

Incidence of Calcified Hilar Nodes 


AGE (IN YEARS) | NUMBER OF CASES | PER CENT 
11-20 152 | 5.8 
21-30 1,090 41.3 
31-40 1,085 41.1 
41-50 312 11.8 


2,639 


(2) The incidence of calcified primary tuberculous complexes, that is, a cal- 
cified Ghon lesion in the peripheral lung field plus calcification of the regional 
hilar lymph nodes, was 5.4 per cent as listed below. 


Incidence of Calcified Primary Tuberculous Complex 


AGE (IN YEARS) NUMBER OF CASES PER CENT 
11-20 215 8.0 
21-30 992 36.9 
31-40 979 36.5 
41-50 498 18.6 


Since calcified hilar nodes per se and calcified Ghon lesions in the lung paren- 
chyma are both manifestations of a primary pulmonary tuberculous infection, 
it is probably expedient to group them both together. In the former instance, | 
the Ghon lesion in the pulmonary parenchyma either failed to calcify and re- 
mained fibrotic, or else it may be located behind the cardiac silhouette where it 
is not visible on a postero-anterior roentgenogram. The combination of these 
two findings results in a total incidence of 10.7 per cent of cases of calcified pri- 
mary tuberculosis of the lungs, as noted below. 


Total Incidence of Calcified Primary Pulmonary Tuberculosis (hilar nodes per se plus calcified 
Ghon lesions with hilar nodes) 


AGE (IN YEARS) NUMBER OF CASES PER CENT 
11-20 367 6.9 
21-30 2,082 39.1 
31-40 2,064 38.8 
41-50 810 15.2 


5,323 
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Of the 5,323 recruits with photofluorographic evidence of calcified primary 
pulmonary tuberculosis, 25 (0.47 per cent) were surveyed out of the service be- 
cause of the large number or massive size of the calcifications. 

Although no routine lateral views were taken, and hence the exact boundaries 
of the lobes of the lung cannot be established with accuracy, it may be of interest 
to note the relative incidence of calcified Ghon lesions in the various lung 
segments. 

Incidence of Calcified Ghon Lesions in Various Lung Segments 


| 
LUNG SEGMENT NUMBER OF CASES PER CENT 
| 


Right upper lung field 753 
Right mid lung field 524 
Right lower lung field 237 
Left upper lung field 539 
Left lower lung field | 631 


B. Reinfection (adult) pulmonary tuberculosis: 

Of the total number of 50,100 recruits examined, 420 (0.86 per cent) had photo- 
fluorographic evidence of a reinfection type of pulmonary tuberculosis, as listed 
below. 

No attempt was made to differentiate radiologically between active and healed 
tuberculous lesions. The rationale of this will be understood when it is realized 
that the mere presence of a reinfection type of tuberculous lesion is regarded 
as sufficient cause for disqualification by the Navy. Furthermore, the differ- 
entiation between an active and a healed lesion is not merely a radiological prob- 
lem but rather the result of combined radiological, clinical and laboratory studies. 


Incidence of Reinfection Type of Pulmonary Tuberculosis 


! 
AGE (IN YEARS) | NUMBER OF CASES | PER CENT 
| 


19 
109 
192 
100 


11-20 
21-30 
31-40 


420 


| 
| 
| 


Classification of Types of Reinfection Pulmonary Tuberculosis 


NUMBER OF CASES | PER CENT 


| 


Minimal 

Moderately advanced 

Far advanced 

Calcified miliary tuberculosis. .................... 


6 
2 


2. 
8. 
5. 
3. 


Of the far advanced and moderately advanced cases, 19 had frank cavitation. 


| 28.1 
19.5 
| 8.8 
20.1 
23.5 
| 4.5 
26.0 
45.7 
41-50 23.8 
| 
| 264 | I 9 
118 | 1 
23 5 
15 5 
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SUMMARY 


1. A series of 50,100 consecutive photofluorographic chest examinations of 
recruits seeking admission to the Naval Construction Battalions is presented. 

2. The Navy’s radiological criteria for rejection of applicants because of pul- 
monary tuberculosis are reviewed. 

3. The incidence of calcified primary pulmonary tuberculosis was 10.7 per 
cent. 
, 4. The incidence of reinfection type pulmonary tuberculosis was 0.87 per cent. 

5. The value of the routine X-ray examination of the chest for the elimination 
of recruits with pulmonary tuberculosis is again demonstrated. 


SUMARIO 


1. Preséntase una serie de 50,100 exAmenes fotorroentgenogrdficos consecuti- 
vos del t6érax, que fueron ejecutados en reclutas que solicitaban ingreso en los 
batallones de construccién naval. 

2. Repdsanse las pautas por que se rigié la Marina para rechazar por tubercu- 
losis pulmonar a ciertos candidatos. 

3. El coeficiente de tuberculosis pulmonar primaria calcificada llegé a 10.7 
por ciento. 

4. El coeficiente de tuberculosis pulmonar de tipo de reinfecci6én representé 
0.87 por ciento. 

5. Demostrése de nuevo el valor del examen roentgenolégico sistematico del 
térax para eliminar a los reclutas con tuberculosis pulmonar. 


REFERENCE 


(1) Spruuman, R.: The value of radiography in detecting tuberculosis in recruits, J. A. M. 
A., October 19, 1940, 116, 1371. 
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ACCIDENTALLY DISCOVERED PULMONARY TUBERCULOSIS! 
HANS ABELES ann MAX PINNER 


With draft examinations, X-ray surveys in industry and colleges and many 
other roentgenological surveys of apparently healthy persons, thousands of per- 
sons with X-ray evidence of pulmonary tuberculosis are discovered who have no 
symptoms of disease that induced them to ask for medical advice. In a certain 
percentage of these “accidentally discovered” cases, the film permits the un- 
equivocal diagnosis of active pulmonary tuberculosis (with slim chances of an 
occasional nontuberculous disease simulating tuberculosis); in another portion 
of these cases, the first film justifies the assumption—which must be proven— 
that the lesions seen are healed or arrested. But in a considerable percentage 
the diagnosis of activity is neither readily made nor excluded. 

The great medical, social and financial importance of the decision “‘active or 
nonactive” is obvious and is further emphasized by the difficulty and frequent 
uncertainty of the decision. 

In the past, a number of “‘single-test” activity diagnoses were advocated, tried 
and found wanting. In this category belong, in our opinion, all serological, 
blood-chemical and haematological tests for activity. They are nonspecific and 
are, therefore, sometimes positive in the absence of active tuberculosis and they 
are not sensitive enough to detect all active cases. 

In the past few years, we have observed 91 patients in our Sanatorium whose 
tuberculosis was discovered accidentally. No special tests were applied to these 
patients, but they were observed in a routine way, stressing all those observations 
which seemed likely to answer the question “active or nonactive.”’ Since a retro- 
spective evaluation of certain criteria for activity yielded clear-cut results, their 
publication seemed justified. 

Sex and age of the patients: Sex and age distribution of the patients are pre- 
sented in table 1. These figures are not likely to be representative because 
selected age groups of healthy persons are more frequently examined than others. 

Reason for examination: The reasons for examination were as follows: 


Selective service examination 29 cases 
Examined as contact case 25 cases 
Preémployment examination. > 14 cases 
Hospital employees (routine examinations) 6 cases 
Various reasons 9 cases 


In the group of “various reasons’’ fall patients diagnosed on the occasion of free 
examination of union members, of premarital examination etc. 

History of contact: Twenty-five patients were originally examined as contact 
cases. In another 13 patients, a definite history of contact could be elicited. 


1 From the Country Sanatorium, in Bedford Hills, New York, of the Montefiore Hospital 
for Chronic Diseases, New York City. 
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“Definite contact” includes those patients who lived with, or met frequently, 
or had professional contact with a known tuberculous person for a long period of 
time. In 8 patients there was a questionable history of contact. The time 
elapsed between the break of contact with the known tuberculous person and the 
diagnosis in the cases with definite contact-history is given in table 2. Fifty 
per cent of all cases with a definite history of contact were diagnosed within six 
months after the contact had been broken. Home contact was found in 29 
cases, close contact with the probable source of infection but no common house- 
hold was found in 3 cases. Professional contact—physicians, nurses, attendants 
on tuberculosis wards—was present in 6 cases. 

Symptomatology: Since the patients were discovered on routine examinations, 
one might expect to find a large number of asymptomatic cases. However, in 


TABLE 1 
Sex and age of patients 


AGE IN YEARS 
TOTAL 


30-39 


TABLE 2 
Time interval between break of contact and diagnosis 


TIME INTERVAL NUMBER OF CASES 


Less than 6 months 1 
Between 3 years and 5 years 

Over 5 years 


many cases a carefully taken history revealed definite symptoms. According 
to symptoms the patients were divided in the following groups: 


No symptoms at any time 16 patients 
Symptoms on retrospect 1 patient 
Symptoms prior to or at the time of the diagnosis 58 patients 
Symptoms at any time after establishment of the diagnosis......... 16 patients 


Sixteen patients never had any symptoms referable to their pulmonary dis- 
ease. Five of the 16 patients never presented any evidence of active disease. 
The findings in the active, asymptomatic cases are presented in table 3. Prac- 
tically all stages of tuberculous lesions, from a small exudative lesion to far ad- 
vanced fibrecavernous disease, were found in the group of asymptomatic patients. 


) 
| 
| 10-19 | 20-29 | — | 40-49 50-59 
Number of patients | | | | 
10 | 29 15 8 2 64 
| female................| 8 | a | 2 | 0 | 4 27 
| 1 8 | 3 | 91 
4 
4 
5 
, 1 
5 
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This shows that no characteristic correlation existed between the absence of 
symptoms and the extent or type of the disease. 

Fifty-eight patients, that is, 67.4 per cent of all active cases, had symptoms 
prior to or at the time of diagnosis. Symptoms were often disregarded even 
when they were as obvious as small haemoptyses because the patients felt well 
otherwise, or they were ascribed to other conditions, such as nose bleeding, over- 
work, mental strain etc. Only one patient had symptoms on retrospect. This 
patient was a resident on pathology when a minimal infiltration was noted on a 
routine chest film. He had had a normal X-ray film six months prior to the diag- 
nosis. Patient emphasized that he had no symptoms. However, after several 
months of bed-rest, he volunteered the statement that he felt better, that is, he 
now felt really rested. 

Sixteen patients developed the first symptom after the diagnosis had been 
made, some of them as late as two years afterwards. Symptoms due to thera- 


TABLE 4 
Time interval between onset of first symptom and diagnosis 


TIME INTERVAL NUMBER OF CASES 


More than 3 years prior to the diagnosis..................ceeeeeeeees 
Between 3 and 2 years prior to the diagnosis. ...................006- 
Between 2 and 1 years prior to the diagnosis. ....................245- 
Between 1 year and 6 months prior to the diagnosis. ................ 
Within 6 months prior to the diagnosis......................00eeeees 
Within 6 months after the diagnosis... 
Within 2 years after the 


peutic measures or complications of the treatment were not included in this 
group. 

The time elapsed between the onset of the first symptom and the diagnosis is 
presented in table 4. The 3 patients who had symptoms more than three years 
prior to the diagnosis had small haemoptyses at that time. When diagnosed, all 
3 patients had cavitary lesions. The period in which most cases developed the 
first symptom was from one year prior to the diagnosis up to the time of diagnosis; 
52 patients (this includes the patient with symptoms on retrospect), or 69.3 per 
cent of all patients with symptoms, developed them within this time interval. 

The frequency of the symptoms encountered as first ones is presented in table 
5. If, as it happened in many cases, more than one symptom was noticed at 
approximately the same time each symptom was entered in the corresponding 
line. The high incidence of fatigue—an easily misinterpreted symptom—as 
first symptom is probably one of the reasons that the patients did not seek 
medical advice any sooner. 

Physical and roentgenological findings: Definite findings on physical examina- 
tion indicating pulmonary disease were found in 35 patients. Slight dulness 
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and minimal changes of breath sounds were not considered as definite patho- 
logical findings and, therefore, were not included in this group. 

At the time of diagnosis, 28 patients had minimal, 40 moderately advanced 
and 23 far advanced disease. The large number of far advanced cases is remark- 
able. 

According to roentgenological findings, 47 patients had bilateral lesions; in 
31 only the right lung and in 13 only the left lung was involved. Fifty-five 
patients had a mainly productive type of infiltration, 33 a mainly exudative type 
and 3 a productive type with a recent exudative spread. In 17 patients the 


TABLE 5 
Incidence of first symptoms 
SYMPTOM ‘NUMBER OF CASES 
TABLE 6 
Location and extent of lesions 
LOCATION RIGHT LUNG LEFT LUNG 

First anterior intercostal space..............ccccccccccccccetes 7 5 
Between first and third anterior rib........................4-- 12 9 
Between first and fourth anterior rib.......................... 5 3 
Between apex and third anterior rib. ......................... 35 25 
Between apex and fifth anterior rib........................4.. 11 7 

| 78 60 


characteristic distribution of haematogenous seeding was seen. Seven patients 
had an early infiltrate and one had a large pneumonic infiltration. Sixteen 
patients had a definite cavity at the time of diagnosis; in all these 16, tubercle 
bacilli were demonstrated on smear or concentration. In 13 additional patients, 
a diagnosis of a possibly cavitary lesion was made when they were first seen. 
In 10 of these 13 patients, tubercle bacilli were found on smear or concentration, 
in 3 by sputum or gastric cultures. In 9 of the 13 patients with possibly cavitary 
lesions, tomograms were taken which confirmed the diagnosis in 4 cases. 

The location of the lesions is shown in table 6. Seventeen patients had an 
X-ray film taken previously which was normal; 10 a year or less, 4 one to two 
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years, 3 over two years prior to the diagnosis. Of the 10 cases which had normal 
X-ray findings one year or less prior to the diagnosis, 6 were classified as minimal, 
3 as moderately advanced and one as far advanced. In 6 of the 10 patients, 
tubercle bacilli were demonstrated in the sputum or gastric content. In 7 the 
lesion was exudative, in 3 productive; in 2 cases a cavity was found when diag- 
nosed. 

Laboratory findings: Sputa were examined on direct smear, concentration and 
by culture. If no positive findings were obtained by these methods the gastric 
content was examined on concentration and by culture. In many patients bacilli 
were demonstrated only after repeated negative results. Tubercle bacilli were 
recovered from 77 patients, or 84.6 per cent of all cases. The detailed results 
are presented in table 7. In 14 cases, no tubercle bacilli could be demonstrated 
by the above mentioned methods at any time. 

Five of the 14 cases with entirely negative bacteriological findings were, 
after prolonged clinical and roentgenological observations, considered inactive. 
The findings in the consistently negative, active cases are presented in table 8. 
Of these active cases, 6 had minimal lesions and 3 had moderately advanced 
disease. 


TABLE 7 
Result of bacteriological examinations 
| POSITIVE POSITIVE SPUTUM POSITIVE GASTRIC 
TOTAL NUMBER | cases BACTERIO- 
OF CASES LOGICAL 
FINDINGS Smear | Concentrate Culture Concentrate Culture 
91 | 86 | 77 19 26 | 4 8 20 


A white cell count above 10,000 was found in 37 patients. A sedimentation 
rate above 9 mm. per hour, Westergren method, was present in 54 patients. 

Activity of lesions: Whether or not a lesion is active was frequently decided 
only after months of observation. In most patients, the diagnosis of activity is 
based on more than one single criterion. 

In our routine observations for activity, frequent X-ray and bacteriological 
examinations were done, supplemented by complete blood counts and sedimenta- 
tion rates (Westergren method). Those data, combined with careful observa- 
tions of symptoms, extended over a minimum period of six months, formed the 
basis for the final decision as to activity of the lesions. The most convincing 
indications of existing activity were changes—progressive or retrogressive—in 
serial X-ray films and demonstration of tubercle bacilli. 

Table 9 shows which of the above criteria were positive in the 86 cases which 
were finally judged to be active. 

In table 10 these findings are correlated with the stage of the disease. From 
these tables it can be seen that roentgenological changes, positive bacteriological 
findings and symptoms are the criteria most frequently present in active cases. 
In 87.2 to 90.7 per cent they established the diagnosis of an active lesion, while 
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sedimentation rate, white cell count, physical examination were reliable in only 
40.7 to 62.8 per cent. 

Of the entire group of 91 patients, 5 were considered to have inactive disease. 
The latter were observed for at least six months with the exception of one case 
which was observed for four months. In several inactive cases the negative 
bacteriological findings were confirmed by guinea pig inoculation. The findings 


TABLE 9 
Basis for the diagnosis of activity of the disease 
BASIS FOR THE DIAGNOSIS OF ACTIVITY NUMBER OF CASES gp cnpew 

X-ray findings clearing..................... 31 
34 78 91 

13 


* In these cases no comparison X-ray was available since pneumothorax was induced 
shortly after the first film had been taken. 


TABLE 10 
ACTIVE CASES 
NUMBER neu 
AND ACTIVE Positiv 
— CASES hacterio- Elevated Leucocy- | Collapse 
any ESR tosis lesions therapy 
Minimal 28 26 26 20 23 18 9 14 9 
. 31% 93% | 100% 77% | 89% | 69% | 35% | 54% | 35% 
Moderately ad-| 40 38 34 35 32 20 16 15 13 
vanced 44% 95% 90% 92% | 83% 538% 42% 40% 34% 
Far advanced 23 22 18 22 20 16 12 5 13 


25% 96% 82% | 100% | 91% | 73% | 55% | 23% | 59% 


Total 91 86 78 77 75 54 37 34 35 
100% 91% 90% | 87% | 68% | 48% | 40% | 41% 


in the inactive cases are tabulated in table 11. In all of them sedimentation 
rate and white cell count were normal. Although differential white cell counts 
were done in all patients, criteria of activity derived from them were not con- 
sidered, because former studies had convinced us that they are more frequently 
unreliable in active cases than the criteria used in this study. 

Course and therapy: Of the 86 patients with active disease, 34 were active pro- 
gressive, that is, they showed definite progression on serial X-ray films. Of the 
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86 patients suffering from active disease, 51 were treated conservatively; 35 
patients were subjected to collapse therapy—33 are receiving pneumothorax 
treatment, 5 of them bilaterally, and 2 underwent thoracoplasty. Two patients 
died; one death occurred postoperatively following a thoracoplasty. The other 
death occurred in a hospital employee in whom a minimal lesion was found on 
routine examination one year after a normal X-ray film had been obtained. 
This patient refused treatment when diagnosed. Within a year the symptoms 
became so severe that he sought hospital care and at that time the disease was 
far advanced and cavitary. The patient died of caseo-cavernous tuberculosis 
three years after the diagnosis had been made. Although many cases have been 
followed for several years, others have been under observation for six months 
only. No final conclusion as to the course and prognosis can therefore be drawn. 
However, even the incomplete follow-up reports bring out certain factors so 


TABLE 11 
Inactive cases 
wumBER | EXAMINATION X-RAY FINDING EXAMINATION STAGE Ese | wss 

52 Selective Productive infiltration Normal | Minimal 5 | 8,500 
Service LUL 

82 | Selective Productive infiltration | Normal | Minimal 5 | 8,500 
Service RUL 

75 Selective Productive infiltration | Normal Moderately 5 8,700 
Service BUL advanced 

85 | Selective Fibro-calcific infiltra- | Normal | Moderately 9 | 9,200 
Service tion BUL advanced 

51 Selective Fibro-calcific infiltra- | Normal | Faradvanced) 1 9,050 
Service tion BUL 


clearly that it seems worth while to report them: 41 patients have been dis- 
charged; 7 patients who had cured at our institution were readmitted to our or 
another institution; 9 patients who had cured at another institution were ad- 
mitted to our institution. The time interval between discharge and readmis- 
sion varied from one month to three and a half years with an average of twelve 
months per case. The immediate reasons for readmission were as follows: 


Progressive X-ray changes and symptoms.......................000000- 3 cases 
Progressive X-ray changes and positive sputum........................ 2 cases 
Progressive X-ray changes, symptoms and positive sputum............. 1 case 


No tubercle bacilli could be demonstrated in 6 of the 16 readmitted cases at 
the time of the first admission. During the course of the second admission, 


ACCIDENTALLY DISCOVERED TUBERCULOSIS 499 


tubercle bacilli were found in the sputum or gastric contents of all 16 patients 
with the exception of one who had a moderately advanced lesion which was 
definitely unstable as demonstrated by X-ray changes. All inactive cases were 
discharged at least half a year ago. They are working and none of them have 
shown signs of an active lesion since. 


COMMENT 


The results of this study are obvious and simple; how generally applicable 
they are remains to be determined in much larger series of patients. It must 
be pointed out that our patients represent a selected material: they were sent to 
the Sanatorium because some physicians thought they needed treatment, that 
is, they considered them active. This selection was well done, since only 5 out 
of 91 patients were finally judged not to have shown any evidence of activity. 
We do not know how this selection was made, but we have reasons to believe that 
mainly roentgenological criteria were used, supplemented in many cases by bac- 
teriological findings. 

On the other hand, it is impossible to know how many persons with radiological 
findings were not hospitalized because it was believed that they had no activity, 
but who actually were active. In order to gain a well rounded picture, it would 
be necessary to study a large unselected group of persons with abnormal radio- 
graphic findings and study them as intensively as the patients described in this 
study. 

It is reassuring to find, quite in accordance with fairly well established clinical 
practice, that three criteria for activity—radiographic instability, properly related 
symptoms and bacterial findings—have a high degree of reliability; that is, they 
all are positive in about 90 per cent of active cases. 

In contrast to this, the sedimentation rate, which is still being recommended 
as a trustworthy indicator of activity, failed in about 40 per cent; leucocytosis 
and physical examination correctly suggested activity in less than half of the 
active cases. 

The customary warning regarding sputum examination so frequently goes 
unheeded that it must be repeated: Negative bacteriological findings are signifi- 
cant only if based on numerically sufficient and technically adequate examina- 
tions. As shown in table 7, 24 of 77 positive findings were obtained only by 
culture (and frequently not by the first culture made) ; 28 of the positive findings 
depended on examination of gastric contents. It is quite possible that the re- 
sults could be improved by systematic use of animal inoculation. 

It should be pointed out that even in minimal active cases bacilli were found 
in nearly 80 per cent. The significance of positive bacillary findings is here 
stressed entirely from the point of view of diagnosing activity and not from that 
of prognosis and treatment which is still a much more debatable question. 

It has become customary to call all accidentally discovered patients with pul- 
monary tuberculosis asymptomatic cases. The silent assumption that the symp- 
tomatic patient will ask for examination is incorrect. The care with which the 
patient is questioned (not only at the time his lesion is discovered but later on 
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after mental resistance against acceptance of the diagnosis has been softened and 
after he has become more familiar with the subjective manifestations of the dis- 
ease) will determine to a large degree how many of these patients are really 
asymptomatic. In our selected series, only 16 of 86 active patients never com- 
plained of any symptoms. But careful attention to symptoms is, of course, 
much easier in a Sanatorium than in a follow-up clinic. 


SUMMARY 


1. Ninety-one cases of accidentally discovered pulmonary tuberculosis were 
investigated. 

2. At the time of diagnosis 30.7 per cent of all cases had minimal, 44 per cent 
moderately advanced and 25.3 per cent far advanced involvement. 

3. Of the 91 cases, 94.5 per cent had active disease; 39.5 per cent of them had 
active progressive disease. 

4. In the 86 cases with active disease, serial X-ray changes were observed in 
90.7 per cent, tubercle bacilli were demonstrated in 89.5 per cent and 87.2 per 
cent had symptoms referable to their pulmonary tuberculosis. In contrast to 
this, the sedimentation rate was elevated in only 62.8 per cent and the total 
white cell count was above normal in only 43 per cent of the active cases. 


SUMARIO 


1. Investigdéronse 91 casos de tuberculosis pulmonar descubiertos fortuita- 
mente. 

2. Al hacer el diagnéstico 30.7% de todos los casos revelaban invasién minima, 
44% moderadamente avanzada y 25.3% muy avanzada. 

3. De los 91 casos, 94.5% padecian de una forma activa de la dolencia y 39.5% 
de una forma evolutiva activa. 

4. En los 86 casos de afeccién activa, se observaron cambios roentgenolégicos 
seriados en 90.7%, bacilos tuberculosos en 89.5%, y en 87.2% sintomas impu- 
tables a la tuberculosis pulmonar. En contraposicién, el indice de sedimentacién 
sdlo estaba elevado en 62.8%, y la leucocitosis sélo fué hipernormal en 43% de 
los casos activos. 


TUBERCULOSIS AMONG HOSPITAL PERSONNEL!” 
WILLIAM G. CHILDRESS 


Heimbeck’s (1) report of his experience with tuberculosis among nurses, 
published in 1928, served to stimulate interest in tuberculosis detection among 
nurses and hospital personnel generally. He reported that only 52 per cent of 
students at the Ulleval Hospital in Oslo had a positive tuberculin reaction at the 
time they entered nurses training and that all showed a positive tuberculin 
reaction at the time of graduation, after having had contact with tuberculous 
patients. 

Observations regarding the incidence and rate of primary infection among 
student nurses have been reported by Geer (2), Badger and Spink (3), Myers 
et al. (4), Amberson and Riggins (5), Hastings and Behn (6), Israel, Hether- 
ington and Ord (7), Louria (8) and others. 

Tuberculin testing shows a high rate and incidence of infection in originally 
tuberculin-negative groups of persons after exposure to tuberculosis. Therefore, 
it seems reasonable to assume that tuberculin-positive groups and those with 
tuberculosis are subjected to the same bombardment of exogenous reinfection 
when they are exposed in identical environments. There is much convincing 
evidence to show that exposure to tuberculosis creates a definite health 
hazard. The lower morbidity in originally tuberculin-positive reactors would 
indicate that a positive tuberculin test represents a protective endowment, 
although the higher morbidity in positive tuberculin reacting groups repeatedly 
exposed to infection suggests that this is relative. 

That tuberculosis is often considered an occupational disease under the Work- 
men’s Compensation Act makes additional information concerning exposure 
desirable. Compensation may be awarded as readily in originally tuberculin- 
positive reactors as in originally negative reactors, and in persons with reacti- 
vated latent or arrested tuberculosis in certain instances providing contact with 
open tuberculosis can be shown. 

Tuberculin testing is not always practical as a routine for all hospital personnel. 
Periodic X-ray examination of the chest detects significant lung lesions and is a 
practical way of detecting and observing pulmonary tuberculosis. 

Prior to the reports by Britton and Bollman (9), Shipman and Davis (10), 
Kirchner and Miicke (11) and Heimbeck (12), it was believed that a person once 
infected with tuberculosis could be reinfected from without only under very 
unusual circumstances. It is interesting to note, however, that Hippocrates and 
Galen considered contact with a consumptive to be dangerous, and that Mor- 
gagni, Villemin, Valsalva and Laennec considered tuberculosis to be transmissible 
and that they handled tuberculous material with caution. 

Baldwin (13), although believing the danger to be slight, wrote in 1930 that 


1 From Grasslands Hospital, Valhalla, New York. 
2 Read before the Tuberculosis Section of the American Hospital Association at Buffalo, 


New York, September 14, 1943. 
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the number and frequency of implantations of bacilli is the important factor in 
the danger of tuberculous infections in hospitals and sanatoria and stressed the 
need of a greater effort to discover unsuspected open tuberculosis in all institu- 
tions as a means to prevent disease in young adults entering the medical and 
nursing professions. 

In reply to questionnaires from 556 medical students and 579 law students, 
sent out by Steidl (14) to Harvard graduates, where 2.5 per cent of the former 
and 2.08 per cent of the latter developed tuberculosis, it was observed that 13 of 
the 14 in the former group developed active disease while in medical school or 
shortly after graduation, whereas only 2 of 12 in the latter group developed active 
disease while in school and the remainder from one to ten years after graduation. 
He concluded that this was probably significant and due to concentrated exog- 
enous reinfection in the medical group while in school. 

Hertherington and McPhedran (15) observed a rapid increase in pulmonary 
tuberculosis lesions in the lungs of medical students from the freshman to the 
senior year at the University of Pennsylvania. A higher morbidity in medical 
and nursing students has been reported by Hedvall (16), Shipman and Davis 
(17), Kirchner and Miicke (18), Myers (19), Geer (20), Soper and Amberson (21), 
Alt, Barth and Day (22) and Dufalt (23). 

Observations in tuberculosis among hospital personnel at Grasslands dates 
from January, 1932 when routine periodic chest X-ray examination of all em- 
ployees in the Tuberculosis Division was begun. By 1938 this type of examina- 
tion of employees was being done throughout the general hospital. Grasslands 
is an 800 bed general hospital, of which 300 are for tuberculous patients which are 
housed in separate buildings connected to the main hospital by tunnels. The 
average number of employees for the entire institution is roughly 750 annually 
and there are approximately 200 permanently assigned to the Tuberculosis 
Division. The distribution of employees makes up the following approximate 
percentages: physicians, internes, nurses and student nurses 31.1; attendants, 
ward helpers, porters and maids 38.0; administrative, clerks, maintenance and 
miscellaneous 20.8; kitchen and dining-room helpers 10.1. 

In the Tuberculosis Division the interval of examination depends upon the 
intimacy of contact. Those in close contact with patients receive roentgeno- 
grams of the chest every six months and those in remote contact at a twelve- 
month interval. Annual examinations are made of employees in the general 
hospital. . 

Early observations indicated a greater incidence of tuberculosis among those 
working in close contact with known sources of infection. For this reason work 
histories were obtained on employees over an eleven and one-half year period, 
dating from January 1, 1932 to July 1, 1943. Only patients requiring hospitaliza- 
tion and treatment are included in the study. 

Tuberculosis among personnel at Grasslands was detected in persons in the 
following categories: (I) those without symptoms and with normal chest X-ray 
films who subsequently developed active tuberculous lesions; (II) unrecognized 
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tuberculosis but with X-ray lesions, (a) active, (b) Iatent; (III) those with pre- 
vious history and X-ray evidence of tuberculosis. 

Work histories of 5,039 persons were obtained and, of these, 3,700 had received 
one or more X-ray films of the chest, 2,092 were known to have had exposure to 
tuberculosis in the course of duty and 2,947 were not exposed to known sources of 
tuberculosis, except as may be expected in a general hospital service. 

Forty-five persons in category I developed active disease; 39, or 1.8 per cent, 
were discovered among the 2,092 with known exposure; and 6, or 0.2 per cent, 
among the 2,947 without known exposure. 

A total of 3,023 employees was in the age groups fifteen to thirty years. Of 
this number, 1,272 were exposed and 29, or 2.2 per cent, developed disease; 1,751 
were not exposed and 3, or 0.2 per cent, developed disease. There were 2,016 
persons above thirty years of age and 820 of these were exposed; 10, or 1.2 per 
cent, developed disease; 1,196 were not exposed and 3, or 0.2 per cent, developed 
the disease. 

The average length of exposure for those who developed disease was twenty-one 
months against an average of eleven months for those who were exposed and did 
not develop disease. 

There were 10 physicians, 22 nurses, 3 attendants, 6 porters, one maid, one 
kitchen helper, one laboratory worker and one laundry worker in category I. 

Thirty-six had minimal tuberculosis, 3 moderately advanced, 1 far advanced, 
2 tuberculous mediastinal lymph nodes and 3 pleurisy with effusion. 


Category I 

Originally symptom-free—X-ray films 45 
Total number of employees... 5,039 

Age Group Fifteen to Thirty Years Age Group Over Thirty Years 

Total number........... 3,023 Total number....... 2,016 

Developed disease.29 or 2.2 per cent Developed disease.10 or 1.2 per cent 
Not exposed........ 1,751 Not exposed........ 1,196 


Developed disease.3 or 0.17 per cent Developed disease.3 or 0.25 per cent 


In category II, 14 active lesions were found at the original X-ray examination; 
8, or 57 per cent, of these were exposed for an average of 4.9 months and 6, or 43 
per cent, were not exposed. There were 88 with latent lesions discovered on the 
first examination or on follow-up. Of these, 64, or 73 per cent, were exposed and 
13, or 20 per cent, of them reactivated. ‘There were 24, or 27 per cent, not ex- 
posed and only one, or 4 per cent, reactivated. 
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The average length of exposure for this group was fourteen months. 


Category II 


Unrecognized disease—X-ray evidence of 


In category III there were 65 employees with a previous history of tuberculosis; 
51 of these were exposed and 14, or 27 per cent, reactivated; 14 were not exposed 
and 3, or 21 per cent, reactivated. The average length of exposure for this group 
was twenty-nine months. 

Category III 


With prewious history GF 65 
Average length of exposure..................... 29 months 


If the various categories are combined it will be seen that a higher morbidity 
occurred among those exposed than among those who were not exposed. Of the 
exposed group of 2,092, 74, or 3.5 per cent, developed disease and of 2,947 without 
known exposure only 16, or 0.54 per cent, developed activity. 

Of those with active disease, 82 per cent could be traced to a known source of 
exposure. 

The average length of exposure for the combined group was 19.5 months. 
There were 13 physicians, 45 nurses, 10 attendants, 4 porters, 3 maids, 6 kitchen 
workers, 5 laboratory workers, one laundry worker, one chauffeur, one personnel 
worker and one clerk. 

Forty-six had minimal tuberculosis, 28 moderately advanced, 10 far advanced, 
2 tuberculous mediastinal lymph nodes, and 4 pleurisy with effusion. 


Combined Categories 


Number who had X-ray films of the chest......................... 3,700 
Developed disease or reactivated. 74 or 3.5 per cent 
Developed disease or reactivated. ..................00005- 16 or 0.54 per cent 


Employees in category I are of greater interest because they were normal 
healthy persons and had had one or more negative X-ray films of the chest before 
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tuberculosis developed. The morbidity was approximately seven times as great 
in the exposed as in the unexposed group. ‘The incidence was higher in those 
exposed regardless of age. The higher incidence occurred in those who had close 
contact with patients and the average length of exposure was approximately 
twice as high for the group who developed disease as for those exposed who did not. 

In category II the greater number of active cases was found in persons with 
known exposure, and in the latent group who subsequently developed active 
disease all but one were from the group with known exposure. The average 
length of exposure of 4.9 months for the 14 originally active patients was due to 
exposure for a long period of 2 persons in the general hospital laboratory before 
routine examinations were begun. Twelve of the 13 in the group with latent 
disease who reactivated were exposed for an average of fourteen months, showing 
as in category I a chance for repeated implantations over a considerable period 
of time. 

The same is true of the known tuberculous in category III, where 78 per cent 
were exposed and 27 per cent of those exposed reactivated. ‘This figure is less 
impressive, however, since 3 of 14, or 21 per cent, of the nonexposed reactivated, 
but the number is small. 

The total number of breakdowns was 17, or 21 per cent of the total group of 65, 
which compares favorably with that reported by Pinner and Weiss (24) in former 
tuberculous patients, employed in Montefiore Country Sanatorium which was 
16 out of 83, or 19.3 per cent. 

When all categories are combined, excluding latent lesions that developed but 
did not show clinical activity, 3.5 per cent developed disease or reactivated in the 
exposed group and only 0.54 per cent in the nonexposed employees. Moreover, 
82 per cent of this group could be traced to a known source of infection. 

Baldwin’s (25) observation that the number and frequency of implantations 
of bacilli are important factors in the danger of tuberculosis infection in hospitals 
and sanatoria seems to be borne out by the evidence shown here. 

A higher incidence of clinical tuberculosis in hospital personnel has been 
reported by Myers (26), Oatway (27), Harrington and Streukens (28), Riggins 
(29), Ulmar, Ornstein and Epstein (30) and others. The majority of reports 
have come from observations of nurses. Hastings and Behn (31), from their 
experience, concluded that there was a certain occupational hazard from tubercu- 
losis and found a higher incidence of X-ray lesions among exposed than non- 
exposed nurses. Brahdy (32), in an analysis of the morbidity in different groups 
of employees in municipal hospitals in New York City, concluded that the 
morbidity was unrelated to contact and that there was no greater incidence of 
tuberculosis among hospital personnel than in any similar group, except in stu- 
dent nurses who make up a hospital group that includes a large number of 
tuberculin-negative persons. He states that occupational exposure to tubercu- 
losis does not increase tuberculosis morbidity or mortality of hospital personnel 
except among tuberculin-negative student nurses. The findings here, although 
based on relatively small figures, indicate an occupational hazard. 

The high incidence and infection rates shown by tuberculin testing and the 
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higher morbidity often reported for those in contact with tuberculosis, and sup- 
ported by the findings here, bring exogenous infection and reinfection under 
surveillance as a serious health hazard and place emphasis on the importance of 
the undiscovered case of active tuberculosis in the wards and clinics of general 
hospitals. 

In an attempt to detect undiscovered tuberculosis, routine fluoroscopic and 
chest X-ray examination of 7,187 admissions to Grasslands Hospital (33) or its 
out-patient department were made from July 1, 1941 to January 1, 1943. Two 
hundred and one, or 2.8 per cent, had evidence of reinfection tuberculosis and 
42, or 0.6 per cent, had active disease or X-ray lesions where activity could not 
be excluded. Activity was established in 25, or 0.35 per cent. These figures 
compare favorably with the findings of Plunkett and Mikol (34) who found 2.6 
per cent with reinfection tuberculosis by X-ray examination of the chest of 4,853 
patients admitted to general hospitals in up-state New York. Of these, 1.1 per 
cent had roentgenological characteristics diagnostic of clinically significant 
lesions. Mills and Stewart (35) reported 1.4 per cent of reinfection tuberculosis 
discovered by X-ray examination of the chest of 353 patients admitted to the 
Swedish Hospital in Minneapolis, and Hodges (36) conducted a chest X-ray 
survey of 1,101 patients admitted consecutively to the University of Michigan 
Hospital and its out-patient department in 1935 and found significant chest 
disease, unrecognized by. other methods of examination and often unsuspected, 
in 1.3 per cent. In 1942 he reported on fluorographic examination of the chest 
as a routine hospital procedure and found a significant number of pulmonary 
lesions, many of which were probably due to tuberculosis, although detection of 
minute or early lesions of tuberculosis was not the sole or prime purpose of the 
survey. 

Pohle, Paul and Oatway (37) took chest X-ray films of 1,417 patients admitted 
to the Wisconsin General Hospital in 1936 and found 3 per cent with significant 
chest disease which was not detected clinically, and of this number, 0.3 per cent 
had active reinfection tuberculosis. 

The danger of contact to open tuberculosis gives added significance to the de- 
tection of unrecognized tuberculosis in general hospital patients. Hospital 
personnel can be protected only by the discovery, isolation and treatment of 
active tuberculosis in both personnel and patients. 

Detection and prevention of tuberculosis in the above groups in present times 
meet with certain limitations, although war-time efforts to protect and main- 
tain health standards are of greater importance than ever. War-time living is 
generally intensified, working hours are longer and more concentrated, food less 
abundant and nutrition of the worker must be guarded. There is a greater 
turnover in hospital personnel, often resulting in a let-down in personal and 
general hygiene, making it harder to maintain rigid routines and techniques. 
Staff shortages and obstacles met with in obtaining material add to the difficulties 
of continuing a satisfactory case-finding program. These obstacles can be partly 
overcome by the more liberal use of fluoroscopic and laboratory examinations 
and closer attention to ways and means of preventing the spread of infection. 
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Neither time nor place justify elaborating all of the steps indicated in the 
maintenance of a sound health program for the hospital worker, but the dis- 
covery of sources of infection and the need for educating the hospital worker as 
to the tuberculosis hazard are amply demonstrated here. Education could well 
start with teachers of physicians and nurses and be transmitted through them to 
the patients. That so many working in close contact with open disease or in the 
laboratory develop active tuberculosis is convincing evidence that more rigid 
techniques should be imposed. The laboratory as a source of danger has been 
emphasized by Bruetsch (38), Hedvall (39) and Dufalt (40), and is substantiated 
here where 5 active cases were discovered from the laboratory in addition to 
several physicians exposed in the laboratory. 

Whatever techniques are necessary to prevent transmission of tuberculous 
matter to healthy persons should be employed, and constant vigilance over the 
workers’ health maintained. 


SUMMARY 


Tuberculosis detection among hospital personnel at Grasslands reveals a higher 
morbidity among exposed than nonexposed groups of individuals. 

Tuberculosis control programs should be designed to discover active tubercu- 
losis in hospital personnel and patients in order to isolate and treat active cases 
and protect those not already infected. 

Prosecution of the war effort calls for better protection of the hospital worker 
even under adverse conditions. 


CONCLUSIONS 


1. Active tuberculosis discovered among the personnel at Grasslands Hospital 
supports the view that exposure to tuberculosis is an occupational hazard. 

2. To protect the hospital worker all possible sources of infection should be 
detected, active cases should be isolated and treated vigorously. 

3. Whatever techniques are necessary to prevent transmission of infection 
should be employed. 

4. Vigilance over the hospital worker’s health should be maintained. 

5. Education of all employees should be encouraged. 


CONCLUSIONES 


1. La tuberculosis activa descubierta entre el personal del Hospital Grass- 
lands apoya la opinién de que la exposicién a Ja tuberculosis constituye un riesgo 
profesional. 

2. A fin de proteger a los empleados de los hospitales hay que descubrir todos 
los posibles focos de infeccién y que aislar y tratar enérgicamente los casos ac- 
tivos. 

3. Hay que emplear las técnicas necesarias para impedir la trasmisién de la 
infeccién. 

4. Hay que vigilar la salud de los empleados de los hospitales. 

5. Debe alentarse la educaci6n higiénica de todos los empleados. 
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PROMIN IN PULMONARY TUBERCULOSIS!” 
A Progress Report 
ROBERT J. DANCEY,? RICHARD H. SCHMIDT, Jr. anp JAMES M. WILKIE‘ 


The purpose of this paper is to relate our experience over a period of nineteen 
months in the use of promin given ‘principally by mouth to 27 patients with 
pulmonary tuberculosis. 

Promin, a highly water-soluble member of a group of sulfones, has been used 
with definite success against guinea pig tuberculosis by a number of investigators 
(1to9). In human pulmonary tuberculosis its ineffective use by the intravenous 
route has been reported by Zucker et al. (10), while its beneficial effect by the 
oral route has been suggested in a study by Hinshaw et al. (11). 


CHOICE OF CASES 


The object of the present study is two-fold: (1) to investigate the pharmacology 
of oral promin in humans, and (2) to determine its effect upon the course of 
pulmonary tuberculosis in man. In order to assess the therapeutic value of 
promin in a reasonable length of time we have tried to select for treatment lesions 
of recent origin and exudative character, which would be likely to respond fairly 
rapidly to therapy. To give the results a measure of control, cases have been 
favored which we judged to have a poor prognosis, either because of extensive 
disease and severe symptomatology when first seen, or because of progression of 
the disease during rest and collapse therapy. Since combining promin with 
collapse might confuse results, cases have been selected largely from those 
thought unsuitable for collapse therapy, or in which collapse though present was 
ineffective. 

A few exceptions to the above considerations have found their way into the 
series, but have been largely eliminated before the critical evaluation of results. 

All cases were proved tuberculous, and all but one (case 16) had positive 
sputum when promin treatment was started. 

In the series of 27 cases studied, 5 are classed as inadequately treated, since 
they received promin for less than two months and in an average dosage of less 
than 0.8 g. daily. Three of the 5 were terminal cases in which death occurred 
two weeks, six weeks and nine weeks, respectively, following the institution of 
promin treatment. The remaining 2 patients were very sick and had severe 
subjective reactions to the drug. One of these was a patient who had recurrent 
atelectasis and pulmonary suppuration following thoracoplasty; she died nine 
weeks after promin was discontinued. The other received only two and one-half 
weeks’ treatment and died five months later. It seems probable from our more 


1 From The Wisconsin State Sanatorium, Statesan, Wisconsin. 

? The promin used in this study was obtained through the courtesy of Dr. E. A. Sharp, 
Parke, Davis & Company, Detroit, Michigan. 

3 Bellevue Hospital, New York 16, New York. 

4State of Wisconsin General Hospital, Madison, Wisconsin. 
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recent experience that this patient might have developed a tolerance to promin 
had administration been properly conducted. 

Excluding the above 5, 22 cases are classed as adequately treated. Six of 
these are eliminated in the critical evaluation of therapeutic results because they 
had partially effective collapse therapy influencing the lesions under observation, 
during the period of promin therapy. Data on the remaining 16 cases are 
presented in table 2. 


METHOD OF ADMINISTRATION 
DOSAGE AND DURATION OF TREATMENT 


(1) The oral method of administration has been used almost entirely, because 
of the technical difficulty of giving several daily parenteral injections over long 
periods of time. The standard procedure, in order to guard against idiosyn- 
cracy, has been to start administration at a dosage of 0.4 g. daily and to increase 
the dose by 0.4 g. every tenth day until a dosage of 1.2 g. daily is reached. The 
latter has been the maintenance dose in most of our cases, being exceeded in 3 
cases only, in which doses of 2.0 to 2.4 g. were given daily for several weeks. 
In the group of cases classed as adequately treated the average daily dose has 
varied from 0.66 to 2.0 g., the median value being 1.07 g. 

(2) The length of treatment in the group classed as adequately treated has 
varied from one month to twelve months, with a median period of five and one- 
half months. Not infrequently rest periods of from five to seven days have been 
interposed in the treatment because of toxic reactions. The calculated average 
dosages are based upon the total time, including rest periods. 

(3) In most instances the promin has been given in capsules containing 0.4 g. 
following meals. Gastrointestinal intolerance can usually be overcome, if pres- 
ent, by administration of the drug with fruit juices or with one or two drams of 
gelatin, by varying the time of administration as related to meals or by sub- 
dividing the doses. 

(4) In 4 cases promin was given intravenously and intramuscularly one to 
three times per day for periods up to four weeks. This was done in one of the 
4 cases in order to supplement promin by mouth in an attempt to secure a better 
therapeutic effect. In the other 3 cases the parenteral routes were used while the 
patients were too sick to tolerate the drug orally, a change being made to the oral 
method when the tolerance improved. Five grams in a 40 per cent aqueous 
solution injected slowly has been the usual intravenous dose. Slight pain along 
the course of the vein during the injection is sometimes complained of and the 
vein frequently becomes thrombosed at the site of the injection. When the 
promin is given mixed with a large volume of 5 per cent glucose solution the 
undesirable thrombosis seldom occurs. To maintain the blood content of promin 
at a reasonable level during the night the evening intravenous injection has 
sometimes been supplemented by 5 cc. of the 40 per cent solution injected into 
the gluteal muscles. Mild pain accompanies the intramuscular injection and 
there is a mild residual soreness for a few days. If the solution enters the sub- 
cutaneous tissues more severe pain occurs. 
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CONCURRENT TREATMENT 


In the adequately treated group, exercise has not been prescribed more con- 
servatively than for patients of similar status not taking promin. However, 
nearly all have been on very restricted bed-rest. In 4 of the adequately treated 
cases promin therapy was started only a few days after the patient was put to 
bed in the sanatorium. Three of the 4 patients (cases 1, 2 and 4) had extensive 
disease and severe symptoms, and were thought to have a poor prognosis under 
any form of treatment. The fourth patient (case 5) had very recent, moderately 
advanced disease of fair prognosis. In a fifth case the patient’s exercise was 
reduced slightly at the time of starting promin treatment (case 20). In the 
remaining cases there was no reduction of exercise coincident with the beginning 
of drug therapy. 

Of the 16 patients listed in table 2, 8 had some form of collapse treatment 
(phrenic paralysis, pneumoperitoneum, oleothorax, thoracoplasty) during the 
course of promin therapy. In 7 of the 8 cases the collapse measure had been 
given adequate trial prior to promin treatment and had proved ineffective in 
controlling the lesions under observation (cases 6, 7, 9, 14, 16, 20, 21). The 
eighth case, one of acute tuberculous pneumonia, had pneumoperitoneum which 
was instituted after the start of promin treatment to control haemoptysis 
(case 22). 

LABORATORY STUDIES 


Total red and white blood cell counts, haemoglobin determinations and exam- 
inations of the urine have been carried out in all cases at regular intervals. 
When the drug is administered in small and gradually increasing amounts as 
outlined above these determinations have been made at weekly intervals, while 
in a few instances, when the dosage was increased very rapidly, more frequent 
determinations have been carried out. Recently it has been our custom to 
extend the interval between blood studies to one month, after the haemoglobin 
curve has assumed a constant level, as frequently happens following several 
weeks of treatment. 

Promin concentrations in body fluids: Determinations of the amounts of promin 
(or promin-like compounds) in the blood have been carried out at irregular 
intervals in most of our cases, using an adaptation of the modified Marshall test 
for sulfanilamide (12, 13). (In all the references made hereafter to promin con- 
centrations in body fluids, we are referring to concentrations of a compound or 
compounds giving a color reaction similar to that of promin.) The blood 
samples were taken in the morning before the breakfast dose of promin was given. 
Patients taking the usual dose of 1.2 g. daily have ordinarily shown values of 4 
to 6 mg. of promin per 100 cc. of blood. In a total of 63 determinations at that 
dosage, in only one instance was the value less than 3 mg., and in only 2 instances 
was it more than 8 mg. per 100 cc. Patients taking 0.8 g. or less daily have usu- 
ally had blood levels below 4 mg. per 100 cc., while 3 patients who took 2.0 to 2.4 
g. daily had blood levels of 12, 6 and 6 mg. per 100 cc., respectively. 


In the few cases in which promin was administered parenterally, determinations 
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of concentrations of promin in the blood were made after treatment had been in 
progress for several days. In case 21, while the patient was receiving 5 g. intra- 
venously once daily, a blood level of 2 mg. per 100 cc. was present eighteen hours 
after the last intravenous injection. In case 22, in which 5 g. of promin were 
given by vein three times during the day, with the addition of 2 g. intramuscu- 
larly each evening, a blood concentration of 3 mg. per 100 cc. was found in the 
morning, twelve hours after the last injection. 

In cases of prolonged administration, promin was still detectable in the blood 
and urine seven to ten days after the administration was stopped. 

No close correlation of blood level to toxicity or therapeutic effectiveness has 
been apparent. 

A few determinations of promin in twenty-four-hour specimens of urine have 
been made. These showed concentrations of from 60 to 140 mg. per 100 cc., while 
patients were taking 0.8 to 1.2 g. of promin daily. The twenty-four-hour excre- 
tion of color-forming compounds calculated as promin from these determinations 
was greater than the intake of promin in every case but one, and the excesses were 
from 25 to 130 per cent of the intake. Dr. Frank Maresh, of the Wisconsin State 
Sanatorium, added suspensions of fresh human pancreas to promin solutions and 
found that solutions so treated produced greater color concentrations than un- 
treated solutions. The above evidence suggests that the complex promin mole- 
cule may be hydrolyzed in the intestine, yielding a compound—probably the 
parent sulfone, diphenyldiaminosulfone—which in the blood and urine produces 
a deeper color than promin in the same molecular concentration. This mecha- 
nism would also explain in part the greater toxicity of promin when given by mouth 
than when given parenterally, since the parent compound is known to be more 
toxic than promin. 

Determinations of promin in cerebrospinal fluid were made in one case of 
tuberculous meningitis. The spinal fluid level was higher than the blood level, 
being 4 mg. and 17 mg. per 100 cc. on two occasions, with simultaneous blood 
concentrations of 2 and 12 mg., respectively. 

Three determinations of promin in pleural fluids were made, the results being 
values of 3, 3 and 2.5 mg. per 100 cc. in patients taking 1.2 g. of promin daily. 
(Simultaneous blood levels were not determined.) 

Determinations of promin in the sputum were made in 4 instances. In 2 cases 
the content of promin in the sputum was the same as that in the blood, while in 
the third case the sputum level was twice, and in the fourth case one-half the 


blood level. 


TOXIC EFFECTS OF PROMIN 


It has been shown (2, 14) that for man promin is much less toxic when given 
parenterally than when given orally, and that promin given orally is much less 
toxic for the guinea pig than for man. These facts are not as yet explained. 
Table 1 lists the principal toxic effects observed in our series. This tabulation 
includes the results observed in 6 cases of extrapulmonary tuberculosis treated 
with promin. 
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Haemolytic anaemia is a potentially serious reaction. Severe acute haemolytic 
anaemia due to promin has been reported by Hall e¢ al. (15) but has not occurred 
in our series. In our 32 cases, the initial level of haemoglobin was between 70 
and 80 per cent in 14 cases, above 80 per cent in 13 cases and between 60 and 70 
per cent in 5 cases. A fall of from 15 to 32 per cent of normal occurred in 21 
cases, and of from 6 to 15 per cent in 11 cases. A fairly steady maintenance level 
was reached in 25 of these cases, the level being between 60 and 70 per cent of 
normal in 11 cases, between 70 and 80 per cent in 11 cases, below 60 per cent in 2 
cases and over 80 per cent in one case. In 17 cases the color index was main- 
tained at slightly over 1.0 ,while in the remainder it fluctuated in the neighbor- 
hood of 1.0. 

In most of our cases the haemoglobin and red cell count of the blood, after an 
initial fall, have shown a partial regeneration and, after a variable number of 
weeks, they have tended to assume a stationary level. Reticulocyte counts were 


TABLE 1 
Foxic effects of promin in 32 patients receiving promin orally 


done frequently during promin administration in some of our cases and have 
shown values from normal to 9.2 per cent, but usually below 5 per cent. A too 
rapid fall in haemoglobin and red cells has been the principal indication for tem- 
porarily discontinuing or reducing promin. When the drug is stopped the blood 
regenerates rapidly with rare exceptions. Early in our study ferrous sulfate was 
given routinely to all patients, but its use was stopped when we found that in- 
creased iron intake had no effect upon the anaemia. 

No correlation between promin dosage and the total count of white blood cells 
has been observed in our study. The lowest total white cell count thus far found 
was 4,950. 

Cyanosis has varied in degree from slight to marked, without relation to the 
dosage employed or to other toxic effects. 

The mild jaundice occasionally seen is probably due to haemolysis. Icterus 
indices done on our patients have not been above 12, except in 2 instances, when 
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values of 20 and 30 were recorded. The urine is very highly colored in many 
cases. 

Haematuria attributable to promin did not occur in the present series, and in 
no instance was anuria or significant oliguria observed. (Experimental attempts 
to produce urinary concretions were reported unsuccessful by Toomey and 
Takats (16).) 

Studies of bleeding and blood coagulation time have revealed no significant 
variations from normal in our patients taking promin. 

An interesting toxic effect was observed in case 10, when, after four months of 
treatment at a daily average dose of 1.78 g., the patient complained of inability 
to move his toes and slight muscular twitchings in the lower limbs. Examination 
showed weakness of the extensors of all the toes, with complete paralysis of the 
extensors of the great toes, together with hyperactive knee and ankle jerks and 
slight spasticity of the lower limbs. This patient, who had been receiving 2.0 
to 2.4 g. of promin daily, had shown no other unusual toxic reactions. The drug 
was discontinued and function in the lower limbs is very slowly returning, but is 
not normal after four months. 

Nervous tension and psychic depression were severe enough to require rest 
periods in 3 cases. Mild disorientation occurred in one case. These symptoms 
occurred in patients taking 1.2 g. or less of promin daily. 

Subjective reactions to promin have appeared to be more common and more 
persistent among the ambulant patients than among those confined to bed. 

One patient under treatment for tuberculosis of the kidney developed a severe 
morbilliform rash and asthmatic breathing soon after starting promin, and recov- 
ery occurred upon withdrawal of the drug. Repeated trials established the causal 
relationship of promin to the asthmatic attacks. By giving very small (0.04 g.) 
doses and gradually increasing the dosage, a tolerance to promin was established 
within a period of three months. 

Three patients received transfusions of 500 ce. of citrated blood while taking 
promin. One had a moderately severe haemolytic reaction, characterized by a 
chill, fever, jaundice and a slight elevation of the blood nonprotein nitrogen. 
Unfortunately, complete serological studies to determine the cause of the haemo- 
lytic reaction were not made. Consequently we do not know whether this case 
is similar to those of haemolytic anaemia due to ‘cold haemagglutinins” described 
recently by Dameshek as occurring in association with sulfonamide medication 
and infection (17). However, keeping the blood warmed to body temperature 
throughout the transfusion procedure and administration of the blood in small 
quantities are desirable precautions if it becomes necessary to give transfusions to 
patients who have been treated with promin. 

Autopsies were performed in 4 cases. The spleen was slightly enlarged in 3 of 
these cases, and moderately enlarged in the fourth case, in which it weighed 615 
g. In 3 cases the spleen was unusually dark in color. In one case the liver 
showed advanced fatty degeneration, while in another chronic hepatitis was 
present, but it was not shown that these conditions were caused by promin. No 
other appearances attributable to the effect of promin were noted. 
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THERAPEUTIC RESULTS 


(1) X-ray and clinical changes in the critical series are summarized in table 2. 
Roentgenological appearances have been given the major importance in the 
evaluation of results. Chest X-ray films have been taken in every case within a 
few days before the start of promin treatment. Progress films have been taken 
every two or three months, or in a few instances more frequently. Clinical 
changes have been evaluated primarily on the basis of temperature, pulse and 
respiratory rates, color, strength, weight and extrapulmonary complications. 

(2) Changes in the blood: Differential counts and erythrocyte sedimentation 
determinations have been made about once every three months. Significant 
changes in Medlar’s leucocytic index and in the sedimentation rate have occurred 
in many of our cases. These changes have, with rare exceptions, been in the same 
direction as the changes in X-ray appearance and clinical condition and roughly 
proportional to them. Following the cessation of promin treatment, the values 
of Medlar’s index and the sedimentation rate have in all cases remained near the 
levels established during the course of promin treatment. From the above evi- 
dence it appears that the observed changes in the blood picture are reflections of 
changes in status of the tuberculous disease rather than direct effects of the drug 
upon the blood and blood-forming organs. 

(3) Conversion of sputum occurred during promin treatment in 2 cases (cases 
5 and 6). Conversion has recently occurred in 2 additional cases, but only after 
thoracoplasty had been performed supplementing promin treatment (cases 2 
and 4). 

(4) Of the 6 patients excluded from the critical series because of the presence of 
more or less effective collapse therapy, 3 made slight to moderate improvement 
during promin treatment, one made no definite change, one became worse due to 
pulmonary haemorrhage and one died. The patient who bled had marked acute 
progression during the haemorrhage, but has since shown moderate improvement 
on combined promin and pneumoperitoneum therapy. The patient who died 
was in a terminal condition, with very extensive tuberculosis at the time of admis- 
sion and expired after four months’ treatment with promin. 

(5) It is of interest that one of the 6 patients discussed just above developed a 
tuberculous anorectal abscess and fistula, and a second one of the same group 
developed both an anorectal abscess and a tuberculous otitis media, the compli- 
cations occurring in each case during the course of promin treatment. A third 
patient of the same group developed an obliterative pleuritis and a sterile pleural 
effusion complicating pneumothorax during the course of promin treatment. 

(6) Brief histories follow, covering the 16 cases summarized in table 2: 


Case 1: A. R., white male, thirty-eight years old. The X-ray appearance and clinical 
course of this patient are shown in figure 1 and chart 1. The average daily dose of promin 
was 0.8 g. beginning soon after admission. X-ray improvement was first seen at the end 
of three months of promin treatment and at the end of eight and one-half months was of 
moderate degree, consisting of fibrosis of the lesions in both lungs, with great contraction 
of the disease on the right. Since no further improvement was apparent after the ninth 
month of promin treatment, promin was stopped after a total of eleven months, and 
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Summary of critical series of 16 adequately treated patients 
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CHANGE DURING PROMIN TREATMENT 
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cavity months provement 
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thoracoplasty was performed with good result. Three months after completion of 
surgery tubercle bacilli were found in 2 out of 6 recent concentrated specimens; the patient 
is ambulant and his symptomatic condition is good. 


Comment: At the time of admission this patient was a poor risk for surgery and 
his prognosis was very poor. During the time of promin treatment he developed 
into a good risk for thoracoplasty. 


Case 2.: E. L., white female, twenty-two years old. This woman became ill two months 
after childbirth. One month later, admission films showed dense soft pneumonic disease 
of the entire left lung with upper lobe cavitation and basal atelectasis and mild exudative 
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CHart l. Case 1. 
Note: In all the charts, the graphs of temperature, pulse rate and respiratory rate are 
based on weekly averages of maximum daily values. M. I. = Medlar’s leucocytic index 
(normal value 20). S.R. = Erythrocyte sedimentation rate (normal value 10 or below). 


infiltrates throughout the right lung. Symptomatology was severe. An average daily 
dose of 1.07 g. of promin was given, starting soon after admission. X-ray improvement 
was first evident at the end of two months and was of marked degree at five months 
(figure 2B), consisting of almost complete resolution of the lesions in the right lung and 
extensive resolution of the consolidation in the upper left lung, leaving a residual cavity 
in the upper lobe and a patch of fibro-atelectasis in the lower third. No further definite 
change being evident after the fifth month, promin was stopped after ten months and a 
complete left thoracoplasty was successfully performed. Two months after completion 
of surgery the sputum became negative for the first time and has remained so. Promin 
was resumed during surgery as a precaution against reactivation of disease in the 


right lung. 
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Fic. 1. Case 1. A: (Upper left) two weeks before starting promin. B: (Upper right) 


after nine months of promin treatment. 
Fic. 2. Case 2. A: (Lower left) two days before starting promin. B: (Lower right) 
after five months of promin treatment. 
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Comment: As in case 1, upon admission this patient was unsuitable for collapse 
therapy and her prognosis was very poor. Striking resolution of disease occurred 
within a short time and she became a suitable risk for thoracoplasty. 


Case 3: M. J., white male, twenty-two years old. The patient had been four years 
under treatment for pulmonary tuberculosis and had extensive fibrosis and a basal cavity 
in the right lung. Promin was started after.a diffuse clouding of the right base developed, 
which during the course of promin therapy shifted to the right upper lobe and then dis. 
appeared. 


Comment: The change under promin treatment was no more than might have 
been expected in a case of transient atelectasis with bed-rest alone. 
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Cuart 2. Case 2. 


Case 4: I. K., white female, thirty years old. The patient first became ill two months 
after childbirth and five months before admission. The X-ray appearance (figure 3A) 
and clinical course are illustrated. Severe symptoms were present. Starting soon after 
admission an average daily dose of 1.1 g. of promin was given. X-ray improvement was 
first apparent at the end of three months of promin treatment and was of moderate degree 
in seven months (figure 3B), consisting of partial resolution of the exudative disease in the 
right lower lobe and slight contraction of the dense upper lobe disease. Liquefaction 
and excavation of the right upper lobe continued, however, and promin was therefore 
stopped after seven and a half months and right thoracoplasty was performed. An 
excellent collapse of the upper part of the lung was obtained, but progression of the disease 
in the right lower lobe occurred during surgery and promin was therefore resumed. At 
present, six months after completion of surgery, the right basal disease is improving and 
the sputum was recently negative for the first time. 
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Comment: This is another patient unsuitable for stirgery and with a poor prog- 
nosis upon admission, in whom improvement during promin treatment occurred 
more rapidly than expected, rendering the patient eligible for thoracoplasty. 


Case 5: H. W., white female, twenty-seven years old. The patient had had sanatorium 
treatment for moderately advanced tuberculosis from 1936 to 1940, after which she worked 
until May, 1942. In that month a positive sputum was discovered and a very recent 
exudative lesion was revealed in the upper third of the right lung. She was immediately 
placed on strict bed-rest and promin therapy was begun on the usual gradually increasing 
dosage. An X-ray film sixteen days later showed further progression, most of the right 
upper lobe being involved in a soft infiltrate of moderate intensity. Symptomatology 
was moderate. At the end of two and a half months on an average dose of 0.87 g. of 
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3. Case 4. 


promin per day, an X-ray film revealed moderate resolution of the soft infiltrate, leaving 
an infiltrate of minimal extent (figure 4B). The sputum had become negative and the 
symptomatology was moderately improved. Pecause of mild signs of toxaemia promin 
was stopped, and a phrenic crush performed on the right. Five months later there had 
been no further change in the X-ray appearance, and at this time the sputum was again 
positive for a brief time. Promin therapy was resumed at that time and continued over 
& seven-month period, during which the patient’s exercise was moderately increased. 
During this second course of promin the sputum has remained negative and there has 
been very gradual improvement in the X-ray appearance. 


Comment: The clearing of the lesion and the conversion of the sputum during 
the first course of promin treatment occurred more rapidly than had been ex- 
pected, particularly in view of the progression of the disease that had occurred 
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Fic.3. Case4. A: (Upperleft) two weeks before starting promin. B: (Upper right) 
after seven months of promin treatment. 


Fic. 4. Case 5. A: (Lower left) one day before starting promin. B: (Lower right) 
after two and one-half months of promin treatment. 
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during the first two weeks of bed-rest. However, no adequate control period of 
bed-rest was given before starting promin. Because of uncertainty about the 
danger of toxicity of the drug, promin was unfortunately stopped sooner than was 
desirable. 


Case 6: O. T., white female, twenty-four years old. The patient entered the sanatorium 
with disease having the X-ray appearance shown in figure 5A. Attempted right pneumo- 
thorax was unsuccessful. In spite of complete bed-rest and a right phrenic crush the 
disease progressed steadily during her first seven months in the sanatorium. At the end 
of that time the right lung showed stellate fibrosis and a thin-walled cavity 1.7 em. in 
diameter in the apex and mottled exudative infiltrates of slight to moderate density at the 
level of the first and second interspaces and along the right heart border. The left lung 
showed a mottled infiltrate of slight density in the second anterior interspace. (See 
figure 5C.) A mild irregular fever was present. Promin treatment was started at this 
time and maintained at an average daily dose of 1.15 g. X-ray improvement was first 
noted at three months and was of marked degree at five and a half months (figure 5D), 
consisting of closure of the right apical cavity and partial resolution of each of the exuda- 
tive lesions. The fever subsided and after five months of promin treatment the sputum 
hecame negative for the first time since admission. It appeared, however, that permanent 
healing would require collapse of the right apex by thoracoplasty and, in preparation for 
surgery, pneumothorax was instituted on the left to control the small lesion on that side. 
A rather persistent serous effusion complicated the pneumothorax but produced no serious 
effects, and the fluid was negative for tubercle bacilli by culture. After institution of the 
pneumothorax the small lesion in the left lung excavated, forming a cavity 1 em. in di- 
ameter, which later closed. The sputum was briefly positive at about the time of the 
excavation. No further change having occurred in the right lung after the first five and a 
half months of promin treatment, promin was stopped at the end of twelve months and a 
right thoracoplasty has recently been successfully performed. 


Comment: This case demonstrates rather sharply the possibilities and the 
limitations of promin therapy. The course of the disease was definitely reversed 
after the institution of promin treatment. On the other hand, excavation of the 
left lung was not prevented. 


Case 7: E. F., white female, nineteen years old. This patient had been under treatment 
during two and a third years for extensive bilateral tuberculosis. A right thoracoplasty 
had been done in August, 1941 but did not effect cavity closure. In August, 1942 an 
X-ray film revealed an exudative lesion of less than three months’ duration in the left 
apex with a cavity 2.5 cm. in diameter at its centre (figure 6A). Increased symptoma- 
tology, including irregular fever, had appeared during the previous three months. The 
patient had been at complete bed-rest during this time. Promin therapy was started and 
continued at an average daily dose of 0.87 g. X-ray improvement was first apparent at 
the end of two months and was of moderate degree at the end of four and a half months, 
consisting of resolution of the exudative disease in the left apex, without notable change 
in size of the cavity in that region (figure 6B). There was likewise noted fibrosis of the 
caseous process surrounding the cavity on the right. A definite improvement in the 
general clinical condition was apparent. Because there were moderate toxic manifesta- 
tions and because the patient appeared to have reached a condition satisfactory for the 
performance of surgery, promin was stopped at the end of four months and a left paraffin 
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Fig. 5. Case 6. A: (Upper left) admission X-ray film, January 24, 1942. B: (Upper 
right) X-ray film of March 26, 1942. C: (Lower left) X-ray film of August 5, 1942, five 
days before starting promin. D: (Lower right) X-ray film of January 25, 1943, after five 


and one-half months of promin treatment. 
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pack inserted. This was well tolerated, and the patient is now in the process of revision 
of the right thoracoplasty. 


Comment: In this case, as in the preceding one, an abrupt reversal of the course 
of the disease occurred after the start of promin treatment and the prognosis was 
much improved. 


Case 9: A. B., Indian female, twenty-three years old. This patient entered with exten- 
sive lung disease which failed to respond over a period of three months to pneumoperi- 


OW | 


RESP. 


NO. OF DAYS PER. WEEK 
WAS OVER 98.6° 


2.000 PROMIN IN MG/100CC.(6) (3) (8) (0) 


+ 
60 


HE MOGLOB | 


47 16 
SR. 23 MM./ HR. 16 
WT. 123 124 126 127 


WKS. | 9 2 25 29 
CuHart 4. Case 7 


toneum combined with a phrenic crush. The only definite changes during a subsequent 
six months’ period of promin treatment were rapid decline of the mild fever which had 
heen present from the time of admission and general subjective improvement. Immedi- 
ately after cessation of promin treatment, thoracoplasty was successfully performed. 


Case 10: M. F., white male, twenty-one years old. The admission film of this patient 
revealed a balloon-type cavitation in the left upper lobe, surrounded by extensive exuda- 
tive and fibrocaseous disease and patchy atelectasis. The right lung was not recognizably 
involved. A trial of pneumoperitoneum was followed by spread of the disease to the 
lower part of the right upper lobe. At this point, on January 28, 1943, pneumoperitoneum 
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Fic. 6. Case 7. A: (Upper left) five days before starting promin. B: (Upper right) 


after four and one-half months of promin treatment. 


Fia.7. Casel0. A: (Lowerleft) twelve days afterstarting promin. B: (Lower right) 
after two months of promin treatment. 
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refills were stopped and promin treatment was started. On January 30, 1943, while the 
daily dosage was still at the 0.4 g. level, there suddenly developed an intermittent fever hav- 
ing a diurnal range between 101° and 103°F. and a pneumonic consolidation of the greater 
part of the right upper lobe was discovered (figure 7A). The dosage of promin was rap- 
idly advanced in spite of nausea and vomiting. (See chart 5.) The temperature began to 
subside on February 3, 1943 and became normal five days later. Beginning resolution 
in the right upper lobe was evident by X-ray on February 13, 1943 and there was marked 
clearing in this area by the end of the second month of treatment (figure 7B). At the 
end of the fourth month there was slight additional resolution on the right, and the lesions 
on the left showed moderate improvement, consisting of partial resolution, fibrosis and 
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CuHart 5. Case 10. 


nearly complete cavity closure. The patient’s temperature, always elevated before the 
beginning of promin treatment, has been consistently normal since the rapid defervescence 
described above, and the general condition of the patient is markedly improved. The 
average daily dose of promin was 1.78 g. Treatment with promin was discontinued on 
June 7, 1943 after the occurrence of the neurological changes described above. Pneumo- 
thorax was instituted on the right side to control the residual disease there, with the 
expectation of later performing left thoracoplasty. 


Comment: Here an episode of acute tuberculous pneumonia, treated very early 
with promin, was terminated very rapidly and the course of the tuberculous 
disease was abruptly reversed. 
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Case 13: R. K., white male, forty-two years old. This patient had moderately advanced 
fibrocaseous disease without frank cavitation, involving the upper half of the right lung. 
The symptomatology was mild. A chest film after three months of complete bed-rest 
showed moderate retrogression of the disease. Nine days later mild fever of four days’ 
duration developed, and a new chest film revealed fresh disease of moderate intensity 
throughout the lower half of the right lung. Promin treatment was started and con- 
tinued at an average daily dosage of 1.07 g. X-ray improvement of moderate degree was 
apparent at the end of two months and there was further slight improvement at the end 
of five months of promin treatment, the change consisting of partial resolution of the new 
disease as well as further improvement of the older disease. 


Comment: Although this patient had previously demonstrated some resistance 
to tuberculosis, the improvement after the rather extensive acute spread was 
more rapid than would have been anticipated on bed-rest alone. 


Case 14: K. R., Negro male, twenty-one years old. This boy had been under treatment 
since June, 1939 and had had revision of a right thoracoplasty in March, 1942. Fresh 
disease began to develop in the upper half of the left lung in June, 1942. A left phrenic 
crush was performed on January 8, 1942 but further progression with cavity formation 
was apparent two months later. At that time promin treatment was started and con- 
tinued at an average daily dose of 1.07 g. After two and a half months an X-ray film 
revealed no further definite change, but after an additional two and a half months slight 
further progression was apparent, consisting of increase in cavity size on the left and 
beginning spread to the right middle third. 


Comment: Progression of disease may have been slowed but was not stopped 
by promin in the case of this patient. 


Case 16: E. B., white female, twenty-five years old. This woman had a small intra- 
pleural oleothorax of several years standing on the right side. A thoracoplasty was per- 
formed on the left side and during the surgery an area of soft disease developed in the 
rightlung. This lesion progressed during three months’ observation on complete bed-rest 
following completion of the surgery and, at the time of starting promin, presented a soft 
X-ray shadow roughly 4 cm. in diameter with a probable cavity at its centre, 1.5 cm. in 
diameter. At the end of three months of promin treatment slight clearing of this shadow 
was apparent. Further improvement was evident at the end of six months, consisting of 
partial resolution, fibrosis and decrease in size of the supposed cavity. The sputum was 
negative throughout this episode. The average daily dose of promin was 0.85 g. 


Comment: The course of this small, slowly progressing lesion was reversed 
during promin therapy. 


Case 19: E. D. B., white male, twenty-seven years old. This man had recent, very ex- 
tensive, bilateral exudative and caseous disease, with beginning excavation of the left 
upper lobe. Symptomatology was of moderate degree. After one month at complete 
bed-rest there was no essential change in his condition and promin treatment was started 
at that time. Slight improvement was noted after two months of promin treatment and 
further slight improvement after an additional three months, consisting of contraction of 
disease in the left upper lobe, without apparent resolution of the soft shadows in other 
parts of the lung. The average daily dose was 1.03 g. of promin. 
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Comment: The total improvement during promin treatment was not more than 
might have been expected on bed-rest alone, although the extent of the involve- 
ment was so great that progression would have been the more likely event. 


Case 20: M. O., a white woman of thirty-five years. This patient had been under treat- 
ment for six years and had had previous relapses of her pulmonary tuberculosis. Her 
right diaphragm was permanently paralyzed and she had artificial pneumothorax on the 
left. In August, 1942 she was placed on exercise in a cottage, the disease being quiescent. 
Fresh exudative disease of moderate intensity and extent developed in the upper half of 
the right lung between February and May, 1943, accompanied by slight symptoms. 
Exercise was reduced to the “low cottage’’ level and promin treatment was started. Slight 
X-ray improvement was seen after two months, but in the third month of promin treat- 
ment further rapid spread occurred in the right lung. She was then placed on absolute 
bed-rest and promin is being continued at a dosage of 1.2 g. daily. 


Comment: Promin did not prevent further rapid spread of the recent disease 
in this case. 


Case 21: G. P., white female, thirty-six years old. Upon admission to the Wisconsin 
State Sanatorium in October, 1942, this patient had fibrostenosis of the trachea and of 
the right main bronchus with permanent paralysis of the right diaphragm and patchy 
atelectasis at the right base. The tracheal airway was sufficient for comfortable respira- 
tion. In April, 1943 the temperature, which had been normal, began to show a slow, 
gradual rise. By the middle of June the fever had become remittent in type, ranging 
between 101° and 103°F. and early in July became continuous between 102° and 103°F. 
The patient had daily chills during July. Concurrently with the above change in the 
clinical state there was a gradual extension upward of the atelectatic process in the right 
lung. By August 16, the right lung had become uniformly opaque from base to apex 
and the mediastinal structures were drawn to that side. Promin therapy by mouth was 
started in May, but nausea and vomiting and weakness prevented its continuance. On 
July 8, intravenous injection of promin was begun and continued for four weeks, at first 
three times daily and later once daily. An average daily dose of 5.7 g. was given over 
this period. On August 1, in the fourth week of intravenous administration, the tem- 
perature began to fall and continued to fall slowly to reach a level between 99° and 100°F. 
by September 4. After the four weeks of intravenous injections, promin was resumed by 
the oral route in a dosage of 0.8 g. per day, and it was found that the patient was then 
able to tolerate the drug by that route. Together with the drop in temperature the 
pulse rate decreased, expectoration gradually diminished and subjectively the patient 
was much improved. There has been no clearing of the atelectatic process, but rather 
an increased contraction of the right lung. The left lung has shown no definite tuber- 


culous involvement. The eventual outcome still remains very uncertain. 
‘ 


Comment: Among 5 other cases of “progressive atelectasis” with bronchosteno- 
sis studied at Wisconsin State Sanatorium within the last two years, 3 exhibited 
bouts of high fever of abrupt onset lasting from ten to nineteen days. These 
febrile episodes terminated spontaneously on bed-rest alone. The duration and 
degree of fever in the present case were much greater than in the above instances, 
but it is possible that the subsidence of fever during the time of intravenous 
therapy was purely coincidence. This case, at any rate, illustrates the possible 
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usefulness of intravenous administration of promin to tide a patient over periods 
of severe illness, during which promin by mouth is not tolerated. 


Case 22: R. L., white male, twenty-two years old. This patient had far advanced pul- 
monary tuberculosis of over four years’ duration upon his admission to the Wisconsin 
State Sanatorium in April, 1943. The admission X-ray film showed slight infiltration 
in the right upper lobe, moderately dense fibrocaseous disease with small cavities in the 
left upper third, and pleural thickening at the left base. Three months of complete bed- 
rest produced no definite change. On July 27, 1943, a low grade fever appeared, and 
an X-ray film on August 10, 1943 showed an acute spread of tuberculous disease through- 
out the middle third of the left lung, as well as increase in the size of the cavities in that 
lung. Promin treatment was begun on August 15, 1943 and the dosage increased on the 
usual schedule. On August 26, 1943 the patient began to bleed from the lung and the 
bleeding was partially controlled by the institution of pneumoperitoneum on August 27. 
On the latter day the temperature rose to 104°F. and thereafter maintained a continuous 
level in the vicinity of 103°F. The patient appeared extremely ill, with dyspnoea, cyano- 
sis, chills and frequent emesis. An X-ray film taken September 3, 1943 showed an ex- 
tensive dense consolidation extending outward from the right hilum into the middle and 
lower thirds of the right lung. The Neufeld test upon the sputum was negative for pneu- 
mococci types 1 to 33. There was mild leucocytosis. Since the patient could not retain 
food or drugs, oral promin therapy was discontinued, and on September 3, 1943 adminis- 
tration of promin by vein and muscle was begun. Five grams were given intravenously 
three times daily at six-hour intervals, plus 2 g. intramuscularly each evening. On Sep- 
tember 4, 1943 the temperature dropped and became constant near 101°F. until September 
10, 1943, after which it became remittent between 100° and 102°F. On September 7, 1943 
a definite improvement in the patient’s general condition was evident and by September 8 
he had ceased to vomit. On September 9 the parenteral administration of promin was 
replaced by daily oral administration of 1.2 g. of the drug which was well tolerated. An 
X-ray film on September 13, 1943 showed disappearance of the dense consolidation in the 
right lung, leaving residual soft mottled infiltrates of slight intensity throughout most of 
that lung. 


Comment: In this case a patient with an acute tuberculous pneumonia has 
shown marked improvement both symptomatically and roentgenographically 
during the course of intravenous promin treatment. The symptomatic improve- 
ment has not been as rapid as in case 10 and the ultimate outcome is still much in 
doubt. The use of intravenous promin therapy during an acute phase of tubercu- 
losis is again illustrated. . 


DISCUSSION 


In evaluating the results of this study, we recognize that the outcome of no 
individual case of tuberculosis is predictable with any degree of certainty and 
that, in consequence, conclusions based on the limited number of cases here pre- 
sented are likely to be misleading. Likewise, the strengthening effect which 
any new form of treatment exerts upon the morale of both patient and physician 
must not be overlooked. We feel, however, that nearly all the patients in the 
series had a poor progrosis prior to promin treatment and that in many cases the 
degree and rapidity of improvement have been beyond what would have been 
anticipated on the basis of clinical experience. In cases 6, 7 and 10, in which the 
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progressive course of the disease was abruptly reversed during the period of 
treatment, the beneficial effect of promin therapy seems well marked. 

The improvement during promin treatment has been greatest in cases where 
early lesions were present, resolution of exudative disease being the most common 
type of response. Fibrosis was less common and cavity closure was rare in our 
series. Sputum conversion during promin treatment occurred in only 2 cases. 
Thus, our results as related to closure of cavities and conversion of sputum are 
much less favorable than those reported by Hinshaw, Pfuetze and Feldman in 
their two-year study (11). 

The limitations of promin therapy in pulmonary tuberculosis are rather clearly 
demonstrated in the present study. Progression occurred in spite of promin 
treatment in 2 cases, and slight or no improvement occurred in 2 cases of exuda- 
tive disease given prolonged treatment. Extrapulmonary tuberculous compli- 
cations developed in 3 patients receiving promin. Excavation of tuberculous foci 
occurred in 2 cases during promin therapy. 

It is therefore clear that promin is not a very potent curative agent against 
human tuberculosis. Its effectiveness, also, appears to vary rather unpredict- 
ably from patient to patient. Whether differences in the sensitivity to promin of 
different strains of the tubercle bacillus exist to account in part for this variability 
is a question which deserves study. 

When retrogressive changes have occurred during promin therapy, they have 
been most marked during the first three or four months of treatment, and when 
therapy has been carried beyond six months no definite changes have been 
observed beyond that time, even though apparently soft lesions have remained. 
Whether the tubercle bacillus is capable of developing a resistance to promin 
which would in part explain this observation is also deserving of investigation. . 

The question of what constitutes adequate treatment with promin cannot be 
fully answered on the basis of studies thus far reported. The dosages employed 
in the present experiment appear to have produced a favorable effect in several 
of our cases, but whether more marked or more general benefits might be obtained 
through the use of higher doses is undetermined. The blood concentrations ob- 
tained in our cases are of the same order as those occurring in tuberculous guinea 
pigs successfully treated with oral promin (2), and of the same order also as the 
concentrations of sulfonamide drugs generally occurring in effectively treated 
cases of various nontuberculous infections. It therefore appears unlikely that 
use of higher dosage would improve the results of promin treatment in tuberculo- 
sis. Less toxic drugs of the promin series are under investigation and their study 
may illuminate this problem. As for the duration of treatment, it must obviously 
be prolonged through several months before it is pronounced ineffective in a 
disease such as tuberculosis. 

The results of our study indicate that the use of promin should not be expected 
to replace accepted forms of therapy in tuberculosis. It should be regarded only 
as a possible addition to the armamentarium of treatment available, having its 
own special uses and limitations, like every method of treating tuberculosis now 
available. To expect too much of it will be to destroy its possible usefulness. 

A critical attitude toward therapy with promin and related compounds should 
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be maintained for a long period of time, because of the difficulty of evaluating 
results of any form of treatment in tuberculosis. A large scale trial with an ade- 
quate control series has not yet been made but would be highly desirable. 


SUMMARY AND CONCLUSIONS 


Promin has been given by the oral route, occasionally supplemented by paren- 
teral administration, in a critical series of 16 patients with pulmonary tuberculo- 
sis, as well as in 11 other cases not suitable for critical analysis. Cases selected 
were largely those having relatively recent exudative lesions, in which the prog- 
nosis was poor under any form of treatment. The median average daily dose was 
1.07 g., and the median length of treatment was five and one-half months. No 
other effective form of treatment, except bed-rest, was employed concurrently 
with promin in the 16 critical cases. Determinations of the amounts of promin 
in the various body fluids were carried out and the results indicate uniformly good 
absorption of the drug from the gastrointestinal tract and free passage of the drug 
through various body membranes. The results of the determinations also raise 
the question of whether promin undergoes a chemical change in the gastrointes- 
tinal tract. The most common toxic effects were anaemia, cyanosis and gastro- 
intestinal disturbances, but other rather bizarre effects of potentially serious 
character were observed. 

Considering the series of 16 cases of pulmonary tuberculosis as a unit, the de- 
gree and rapidity of improvement during promin therapy, as indicated by X-ray 
appearances, were greater than would have been anticipated in the same group 
of patients under rest treatment alone. In certain cases the course of the disease 
was abruptly reversed from progression to retrogression after the institution of 
promin treatment. On the other hand, in a few instances the disease remained 
stationary or progressed during seemingly adequate promin treatment. The 
results of the study justify the following conclusions: 

1. Promin probably exerts a beneficial effect upon the course of human pul- 
monary tuberculosis when the lesions are of recent origin. Few observations 
have been made upon chronic lesions but it seems unlikely that they would be 
appreciably affected by promin. 

2. The curative action of promin in human pu!monary tuberculosis is not very 
potent and promin alone should not be relied upon to effect an arrest in any case. 

3. If the above conclusions are borne out by further investigation, promin will 
have a place in the therapy of pulmonary tuberculosis but strictly as an adjunct 
to other modes of treatment. 

4. The potentially serious toxic effects of promin require that the use of the 
drug be adequately supervised. They also limit the therapeutic dosage rather 
strictly. It is to be hoped that a compound less toxic but equally or more effective 
than promin will be brought forward. 

5. The high degree of solubility of promin facilitates its parenteral use, and 
therefore appears to give promin a definite therapeutic advantage over relatively 
insoluble compounds in instances of temporary intolerance to oral medication. 
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SUMARIO Y CONCLUSIONES 


En una serie (adaptada para estudio analitico) de 16 casos de tuberculosis 
pulmonar, asi como en otros 11 casos que no se prestaban para dicho estudio se 
suministré promina por via bucal, complementada ésta de cuando en cuando con 
la administracién parentérica. Los casos escogidos fueron en gran parte los que 
mostraban lesiones exudativas relativamente recientes, y en los cuales el pro- 
néstico hubiera sido desfavorable con cualquier tratamiento. La dosis diaria 
media fué de 1.07 gm., y la duracién media del tratamiento de cinco meses y me- 
dio. Aparte del reposo en cama no se utilizé, junto con la promina, ninguna 
otra forma de tratamiento en los 16 casos analizados. Llevdronse a cabo de- 
terminaciones de la cantidad de promina presente en los varios humores orgénicos, 
indicando el resultado una absorcién invariablemente buena en el aparato diges- 
tivo y pase libre de la droga a través de las varias membranas del cuerpo. El 
resultado de las determinaciones plantea también la cuestién de si la promina 
experimenta una alteracién fisica en el tubo gastrointestinal. Los efectos téxicos 
mas habituales fueron: anemia, cianosis y trastornos gastrointestinales, mas se 
observaron ademas otros efectos algo peculiares de naturaleza potencialmente 
grave. 

Considerando como una unidad la serie de 16 casos, la intensidad y rapidez 
de la mejoria obtenida durante la prominoterapia, segtin indicé el aspecto roent- 
genoldégico, fué mayor que la que hubiera podido esperarse en el mismo grupo de 
enfermes exclusivamente con el reposo en cama, y en ciertos casos la evolucién 
viré bruscamente de agravacién a regresién después de instituirse la promino- 
terapia. En cambio, en unos pocos casos la enfermedad permanecidé estaciona- 
ria Oo se agravé mientras recibian una prominoterapia aparentemente adecuada. 
E] resultado del estudio justifica las siguientes conclusiones: 

1. La promina ejerce probablemente un efecto beneficioso sobre la evolucién 
de la tuberculosis pulmonar en el hombre cuando las lesiones son recientes. Son 
pocas las observaciones relativas a las lesiones crénicas, pero parece improbable 
que la promina las afecte mayor cosa. 

2. La accién curativa de la promina no es muy potente en la tuberculosis pul- 
monar humana, y no hay que atenerse exclusivamente a dicha droga para ob- 
tener el estacionamiento en un caso dado. 

3. Si las investigaciones ulteriores confirman estas conclusiones, la promina 
tendra su puesto en la terapéutica de la tuberculosis pulmonar, pero absoluta- 
mente como coadyuvante de otros medios terapéuticos. 

4. Los efectos téxicos potencialmente graves de la promina exigen que se vigi- 
le cuidadosamente su empleo, e igualmente limitan bastante la dosis terapéutica. 
Cabe esperar que se pueda obtener un compuesto menos téxico pero de eficacia 
igual o mayor que la promina. 

5. La elevada solubilidad de la promina facilita su empleo terapéutico, lo 
cual parece dotar a esta droga de una decidida superioridad terapéutica sobre los 
compuestos relativamente insolubles en casos de intolerancia temporal a la me- 
dicacién oral. 
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EFFECTS OF pH, TEMPERATURE AND SALICYLATE ON BACTERI- 
OSTASIS OF TUBERCLE BACILLI BY SULFONAMIDES 
AND DIAMINODIPHENYLSULFONE ? 


GARDNER MIDDLEBROOK anp JOHN B. LLOYD 


The influence of the hydrogen ion concentration of the medium on the bac- 
teriostasis of the tubercle bacillus by sulfonamides and sulfones* has not been 
reported. This organism and other acid-fast organisms grow well at extremes 
of pH not well tolerated by other sulfonamide susceptible organisms, making 
them valuable agents for investigations of this sort. 

White and Parker (1) showed that sulfanilamide’s bactericidal activity against 
streptococci was markedly enhanced by a rise in temperature from 37°C. to 
39°C., leading us to investigate the effect of this temperature change on our strain 
of tubercle bacilli H37 with sulfathiazole and diaminodiphenylsulfone. 

Consideration of the possibility that two or more chemical agents might have 
an additive or synergistic bacteriostatic effect against pathogenic bacteria and 
might not have an additive toxic effect against the host led to the simple pre- 
liminary tests of diaminodiphenylsulfone and salicylic acid which has well 
known bacteriostatic activity against fungi. 


EXPERIMENTAL METHODS 


The organism used in these investigations was a two to three weeks old glyc- 
erine-egg culture of tubercle bacilli H37, a few flakes of culture pellicle being 
used to inoculate the surface of 10 cc. of Sauton’s synthetic medium (6) in 50 ce. 
Erlenmeyer flasks. Drugs were added and the hydrogen ion concentration ad- 
justed with concentrated sodium hydroxide (determinations made with a Beck- 
man pH meter) before autoclaving at 110°C. for ten to fifteen minutes. At 
the end of six or eight weeks (where indicated as such in the tables) the amount 
of growth was estimated visually, from no growth to full growth (equal to the 
controls, which contained no drugs). All experiments were done in duplicate 
with controls which were in all cases remarkably consistent in growth rate and 
final growth attainment. Growth was noticeably slower (by two weeks) at pH 
5.5 and pH 8.5 than at pH 7.0. Hydrogen ion concentrations were checked 
at the end of incubation and in critical concentrations were found to vary no 
more than one-half of a pH unit. 


ACTIVITY AND pH 


Examination of table 1 reveals that sulfadiazine’s bacteriostatic activity in- 
creased slightly from pH 5.5 to pH 7.0 and then diminished from pH 7.0 to pH 


1 From the Department of Bacteriology, Harvard Medical School and School of Public 
Health, Boston, Massachusetts. 

2 These investigations were made under the advice of Dr. John F. Enders, Associate 
Professor of Bacteriology. 

3 The sulfonamides and diaminodiphenylsulfone used in these experiments were kindly 
supplied by Dr. Harvey Merker of Parke, Davis & Company, Detroit, Michigan. 
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8.5. This observation contradicts the predictions (2) that the bacteriostatic 
activity of any sulfonamide increases with diminishing hydrogen ion concentra- 
tion of the medium (at least with sulfadiazine as the sulfonamide and the 
tubercle bacillus as the test organism). Our observations show that sulfathia- 
zole (ST) acts differently from sulfadiazine within the range studied, and that, 
if each sulfonamide has a pH of optimal activity (7), sulfathiazole’s is higher 
than that of sulfadiazine corresponding ‘with the higher pK of the acid dissociat- 
ing group of sulfathiazole. As Bell and Roblin (4) have suggested, the change in 
activity of any particular sulfonamide with pH may, at least in part, be related 


TABLE 1 


Effect of pH on bacteriostatic activities of DPS, ST and SD at 37.5°C. on Sauton’s medium 
after eight weeks’ incubation at pH 5.5 and 8.5 and six weeks’ incubation at pH 7 


| | pH OF SAUTON’S MEDIUM 
COMPOUND CONCENTRATION 
5.5 | 7.0 8.5 
in mg. per cent 
DPS 1 +++ ++ 
2 +++ + 0 
3 + 0 0 
4 0 0 0 
ST 1 +++ ++ ++ 
3 + + 0 
5 + 0 0 
10 0 0 
SD 6 ++ ++ ++++ 
8 + + +++ 
12 + 0 + 
16 0 0 0 


DPS = p,p’-diaminodiphenylsulfone 
ST = sulfathiazole 
SD = sulfadiazine 


++++ = good growth 
0 = no growth 


to the relative change in the proportion of ions to molecules for the basic as 
well as for the acid dissociation group. 

It is apparent that the bacteriostatic activity of diaminodiphenylsulfone (DPS) 
also depends upon the pH of the medium, and within the range tested varies 
inversely with the hydrogen ion concentration. The change in activity of DPS 
obviously cannot be related to acid dissociation but may be related to the basic 
dissociation of the para-amino groups lin such a manner that more of the un- 
dissociated compound exists at higher pH values, suggesting the theory that this 
form of the compound has more bacteriostatic activity because of its greater 
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capacity for permeating the peripheral structures of the tubercle bacillus in order 
to reach the susceptible enzyme system. 

Whether these variations of bacteriostatic activity with pH depend upon 
changes in the drugs themselves, changes in the permeability of the peripheral 
structures of the bacterial cell, or changes at the enzyme surface where the drugs 
presumably compete with para-amino benzoic acid cannot be definitely stated 
at present. 


ACTIVITY AND TEMPERATURE 


No differences in the bacteriostatic activity of ST and DPS against our strain 
of tubercle bacilli were observed at 37°C. and 39°C. at pH 7.0. It should be 
mentioned that this strain seemed consistently to grow more abundantly at 
39°C. and there may be differences between strains of tubercle bacilli with respect 
to variations in growth and other charcteristics with temperature, as have been 
observed with other organisms (5). 


TABLE 2 
Combined bacteriostatic effect of DPS and salicylic acid at 37.5°C. in Sauton’s 
COMPOUND CONCENTRATIONS 
GROWTH 
SIX WEEKS AT pH 7.0 
DPS Salicylic acid 
in mg. per cent in mg. per cent 
1.0 0 ++ 
2.0 0 0 
0 30 ++ 
0 60 0 
1.0 30 0 
0 0 ++++ 


ADDITION WITH SALICYLIC ACID 


Diaminodiphenylsulfone and salicylic acid appear (table 2) to be additive in 
their bacteriostatic effects against the tubercle bacillus. On the other hand, the 
sulfones (or sulfonamides) and salicylates have been used clinically without 
observations that they increase the toxic effects of each other in human beings. 
It still remains to be shown that this additive effect demonstrated in vitro is 
operative in vivo. 


SUMMARY 


The bacteriostatic effects of sulfadiazine, sulfathiazole, diaminodiphenylsulfone 
and salicylic acid on an H37 strain of tubercle bacilli have been investigated 
under various conditions in Sauton’s medium with the following results: 

1. Sulfathiazole’s bacteriostatic activity increases from pH 5.5 to pH 8.5, 
whereas sulfadiazine appears more active at the former pH; diaminodiphenyl- 
sulfone’s activity also varies with the pH of the medium. 

2. A rise of incubation temperature from 37°C. to 39°C. does not increase the 
inhibitory effects of sulfathiazole and diaminodiphenylsulfone. 
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3. Salicylic acid and diaminodiphenylsulfone appear to be additive in their 
bacteriostatic effects on our strain of tubercle bacilli. 


SUMARIO 


La investigacién de los efectos bacteriéstaticos de la sulfadiazina, el sulfatiazol, 
la diaminodifenilsulfona y el Acido salicilico sobre una cepa H37 del bacilo tu- 
berculoso, en varias condiciones en el medio de Sauton, arrojé los resultados 
siguientes: 

1. La actividad bacteriostatica del sulfatiazol aumenta al subir la pH de 5.5 a 
8.5, en tanto que la sulfadiazina parece ser mas activa a la primera cifra; la activi- 
dad de la diaminodifenilsulfona también varia conforme a la pH del medio. 

2. Un aumento de la temperatura de incubacién de 37°C a 39°C no acrecienta 
el efecto inhibidor del sulfatiazol y la diaminodifenilsulfona. 

3. El Acido salicilico y la diaminodifenilsulfona parecen sobreponer su accién 
bacteriostatica sobre la cepa del bacilo tuberculoso de los A.A. 
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BACTERIOSTATIC ACTIVITY OF SOME NEW DERIVATIVES OF 
DIAMINODIPHENYLSULFONE AND NAPHTHOQUINONES 
AGAINST THE TUBERCLE BACILLUS 


JOHN B. LLOYD ann GARDNER MIDDLEBROOK 


The success of p,p’-diaminodiphenylsulfone* and some of its N-substituted 
derivatives in experimental chemotherapy of tuberculosis (1 to 5) led to the 
synthesis and in vitro tests of two fatty acid derivatives, N , N’-distearoyl and 
N , the prominence of chaulmoogric 
acid and its esters in the chemotherapy of acid-fast infections is well known. 

Evidence concerning the antibacterial effect of naphthoquinones (6) suggests 
that they are relatively nonspecific protoplasmic poisons, and therefore show 
little promise of chemotherapeutic possibilities (7); but, consideration of the 
facts (1) that a naphthoquinone has been obtained from the tubercle bacillus 
(8) and (2) that a related acid-fast organism, the Johne’s bacillus, requires a 
naphthoquinone as an essential growth factor (9) led us to investigate the possi- 
bility that some synthetic naphthoquinone could be found to compete metaboli- 
cally with the hypothetically structurally related metabolite of the human 
tubercle bacillus. 


EXPERIMENTAL METHODS 


The methods employed in these tests were the same as those reported in our 
previous paper (12), except that the relative insolubility of the derivatives of 
diaminodiphenylsulfone and certain of the naphthoquinones necessitated careful 
suspension with shaking in Sauton’s with 3 per cent agar until solidification. 
The inoculum was then distributed on the surface of the solid medium. 


NEW DERIVATIVES OF DIAMINODIPHENYLSULFONE 


Concentrations of 100 mg. per cent of these two compounds in suspension in 
3 per cent agar showed no inhibition of growth of our strain of tubercle bacilli 
when compared with the controls after six weeks of growth. The great insolu- 
bility of these compounds in Sauton’s medium may account for this lack of in- 
hibition but it has been generally observed (10) that stable blockage of the 
para-amino groups of sulfones or sulfonamides eliminates the possibility of their 
competition with para-amino benzoic acid and thus results in the loss of their 
bacteriostatic activity. It is realized, nevertheless, that it is dangerous to assume 


1 From the Department of Bacteriology, Harvard Medical School and School of Public 
Health, Boston, Massachusetts. 

2 These investigations were made under the advice of Dr. John F. Enders, Associate 
Professor of Bacteriology. All the compounds tested (syntheses to be reported elsewhere) 
were obtained through the courtesy of Professor Louis F. Fieser and associates at the Con- 
verse Memorial Laboratory, Harvard University, except for vitamin K, which was kindly 
supplied by Merck and Company, Rahway, New Jersey. 

3 The diaminodiphenylsulfone used in the synthesis of these compounds was kindly sup- 
plied by Dr. Harvey Merker of Parke, Davis & Company, Detroit, Michigan. 
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TABLE 1 


Bacteriostasis by naphthoquinone derivatives at 37.5°C. and pH 7.0 for six weeks’ 
incubation in Sauton’s medium 


COMPOUND 


MEDIUM 


MINIMAL INHIBITORY 
CONCENTRATION 


,4-naphthoquinone 
*2-hydroxy-1,4-naphthoquinone 
¢2-methyl-1,4-naphthoquinone 


¢2-methyl-3-hydroxy-1,4-naphthoquinone 
(phthiocol) 


*2 ,3-dimethyl-1,4-naphthoquinone 
*Potassium 1 ,2-naphthoquinone 4-sulfonate 


*Potassium 1,4-naphthoquinone 2-sulfonate 


CH; 
CH, (CH:); COONa 
CH; O 
CH: (CH:);C—CH,0H 
CH; CH 
\ 
(CH2):2—CH 
CH, CH: 
(norchaulmoogroyl) 


Lapachone sulfonic acid 


CH; 
CH, CH.—CH 

CH,0H 
OH 


Liquid Sauton’s 
Liquid Sauton’s 
Liquid Sauton’s 


Liquid Sauton’s 


Liquid Sauton’s 
Liquid Sauton’s 


Liquid Sauton’s 


Liquid Sauton’s 


Solid Sauton’s 
with 3 per cent 
agar 


Solid Sauton’s 
with 3 per cent 
agar 


Liquid Sauton’s 


Liquid Sauton’s 


in mg. per cent 


1-2 
20 


4 


No inhibition at 50 
mg. per cent 


No inhibition at 
saturation 


No inhibition at 
saturation 


No inhibition at 80 
mg. per cent 


Slight inhibition at 
saturation 16 mg., 
per cent 


* Acute toxicities known. 


| (1 ,4-naphthoquinone) 


t Inhibitory concentrations first reported by Heise and Steenken (11). 
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TABLE 1—Continued 


COMPOUND MEDIUM 
con in mg. per cent 
Vitamin K Liquid Sauton’s Organisms grew 
over droplets on 
surface of me- 
dium; no appar- 
ent stimulation 
O 
H 
N+=CH 
CH Liquid Sauton’s | No inhibition at 
NN saturation, 18 
(sulfadiazine radical) N—CH mg. per cent 
H 
Liquid Sauton’s 3-4 mg. per cent 
(sulfanilamide radical) 


a priori that chemotherapeutic experiments with these or similar compounds 
would be unsuccessful. 


NAPHTHOQUINONE DERIVATIVES 

Examination of table 1 reveals the minimal inhibitory concentrations of the 
tested compounds against our strain of tubercle bacilli. By ‘minimal inhibitory 
concentration” we mean that concentration of drug at which the area of growth 
pellicle attains about one square centimeter after six weeks’ incubation while 
the control cultures, without inhibitors, reach the total area (about 12 square 
centimeters) of the surface of the medium. 

The toxicities of those compounds marked with asterisks have been investi- 
gated by us or are recorded elsewhere and the only one which shows sufficient 
lack of toxicity and adequate in vitro activity to deserve further investigation 
is the sulfanilyl derivative which, for white mice, weighing about 20 g., by in- 
traperitoneal injection of 0.5 cc. of a suspension, has an acute M.L.D.s of 
approximately 1.2 g./kilo. It is interesting that the bacteriostatic activity of 
this compound was not antagonized by 0.1 mg. per cent of para-amino benzoic 
acid. 


SUMMARY 
1. N,N’-distearoyl-diaminodiphenylsulfone and N , N’-dichaulmoogroyl-di- 
aminodiphenylsulfone appear not to inhibit the tubercle bacillus in (saturated) 
suspension in solid Sauton’s medium. 
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2. Of 15 naphthoquinone compounds tested against the tubercle bacillus in 
vitro only one, 3-sulfanilyl-1 ,4-naphthoquinone shows sufficient promise for 
further investigation. 


SUMARIO 


1. La N,N’-distearoil-diaminodifenilsulfona y la N , N’dichaulmugroildiami- 
nodifenilsulfona aparentemente no inhiben el bacilo tuberculoso en suspensién 
(saturada) en el medio de Sauton sdélido. 

2. De 15 compuestos de naftoquinona comprobados contra el bacilo tubercu- 
loso in vitro, sélo uno, 3-sulfanilil-1, 4-naftoquinona, revelé suficiente promesa 
que justificara nuevos estudios. 
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THE CHEMOTHERAPY OF BENZOPHENONE AND ALLIED 
COMPOUNDS! 


II. Further Experiments on Tuberculostatic Action in vitro? 
B. L. FREEDLANDER 


Many derivatives of benzophenone were reported in a previous publication 
(1) in an effort to determine the relation between chemical structure and bac- 
teriostatic action in vitro. The parent compound, benzophenone, was shown to 
have a moderately high inhibiting effect upon the growth of tubercle bacilli. 
Several chlorine derivatives, 2-chloro, 4-chloro and 2,4’dichlorobenzophenone 
markedly increased the inhibiting action. Both the 4-methoxy and the 4-methyl 
derivatives showed a high tuberculostatic action. Derivatives which decreased 
the bacteriostatic action included the following: 4-amino, 4 ,4’diamino, 4 ,4’tetra- 
methyldiamino, 4,4’tetraethyldiamino, 4-hydroxy, 4,4’dichloro, 4,4’dimethyl, 
4,4’dimethoxy, and 2-carboxylic acid. Benzhydrol, benzanilide and benzil 
also showed unfavorable effects. 2,4’Dichlorobenzophenone was the most 
effective of the compounds tested. All of the di-para derivatives (amino, 
methyl, methoxy, and chloro) were inferior in action to the mono-para com- 
pounds. 

In the following experiments numerous new benzophenone derivatives were 
tested. A few of the compounds previously reported were repeated for com- 
parison. The same rapidly growing avirulent Novy strain* of tubercle bacilli 
was used. This was grown on liquid synthetic asparagin media, containing 5 
per cent glycerine, pH 7.4. The chemical compounds, with a few exceptions, 
were dissolved in propylene glycol to make 1 per cent solutions. Subsequent 
dilutions were made directly into the media. Each tube was inoculated with one 
loopful of a fresh surface culture of tubercle bacilli. Appearance of a pellicle was 
taken as the criterion of growth. The tuberculostatic concentration was taken 
as that dilution which showed no pellicle at the end of four days. 

Results are listed in table 1. Seven chlorine derivatives were investigated 
(Nos. 2 to 8 inclusive), comprising three monochloro and four dichloro isomers. 
The 2-chloro and the 4-chloro derivatives inhibited growth at a concentration of 
2.5 mg. per cent. The 3-chloro was inferior (10 mg. per cent). 2,4’Dichloro- 
benzophenone and 2,2’dichlorobenzophenone showed a very high tuberculostatic 
action (1 mg. per cent); the two other isomers, 4,4’ and 2,5 dichloro derivatives 
gave poor inhibition. 4,4’Dibromobenzophenone also showed a decreased in- 
hibitory effect. 2-Iodobenzophenone showed a high bacteriostatic action (1.67 


1From the Harold Brunn Research Institute, Mount Zion Hospital, San Francisco, 
California. 

2 The present report is part of a codperative investigation on tuberculosis and has been 
supported by funds provided by the Committee on Medical Research of the National 
Tuberculosis Association and the California State Tuberculosis Association. 

8 This strain of tubercle bacilli is thought to be identical with that of American Type 
Culture Collection No. 607. 
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TABLE 1 
Tuberculostatic action 


NUMBER 


SOURCE* 


COMPOUND CHEMICAL FORMULA “aa 
Benzophenone C.sH;COC,H; 5 
4-Chlorobenzophenone C.H;COC,H,Cl 2.5 
3-Chlorobenzophenone C.H;COC,H,Cl 10 
2-Chlorobenzophenone C,HsCOC,H,Cl 2.5 
2,4’ Dichlorobenzophenone CIC,H,COC,H,Cl 1 
2,2’ Dichlorobenzophenone CIC,.H,COC,H,Cl 1 
4,4’ Dichlorobenzophenone CIC.H,COC,H,Cl >20 
2,5 Dichlorobenzophenone C.H;COC,H;Cl. 20 
4,4’ Dibromobenzophenone >20 

| 2 Iodobenzophenone 1.67 
4 Iodobenzophenone C,H;COC,H,I >20 
4 Methylbenzophenone CsH;COC,H,-CHs 1.67 
4 Ethylbenzophenone CsH;COC,H,-C2Hs5 20 
4 Isopropylbenzophenone CsH;COC,H,-C;H;, >20 
x Tri-isopropylbenzophenone | >20 
x Isopropyl x-methylbenzo- | C;sH;-CsH,COC,H,-CH; >20 
phenone 
| x,x Diethylbenzophenone C.H; >20 
2 Chloro, 4’methylbenzophe- | Cl-CsH,COC.H,-CH; >20 
none 
| 2 Chloro, 4’phenylbenzophe- Cl-C,H,COC,.H,-CeHs >20 
none 
x Chloro, x methylbenzophe- | CsH;COC,H;-CH,[Cl] 1 
none 
4 Methoxybenzophenone C.H;COC,.H,-OCH; 1.67 
4 Ethoxybenzophenone CsH;COC,H,-OC2H; 1.25 
2,2’Dimethoxybenzophenone | >20 
2,2’Diethoxybenzophenone >20 
B [4 Benzoylphenoxy] ethanol| CsH;COC,H,-OC,H,OH 20 
Ethylthiobenzophenone C.H;COC,H,-SC2H; >20 
4 Hydroxybenzophenone C,H;COC,H,OH 10 
2,2’Dihydroxybenzophenone | OH-C,.H,COC.H,-OH 10 
4,4’Dihydroxybenzophenone | OH-C.H,COC,H,OH 20 
4 Nitrobenzophenone >20 
3 Nitrobenzophenone >20 
4 Acetoxybenzophenone C,H;COC,H,-OOC-CH; 20 
2,2’Diacetoxybenzophenone | 20 
Dibenzyl ketone >20 
4 Benzyloxybenzophenone >20 
4,4’Dibenzyloxybenzophe- >20 
2,2’Dibenzyloxybenzophe- >20 
none 
o-Benzoylbenzoic acid C,H,COC,H,COOH >20 
Methyl! o-benzoylbenzoate CsH,COC,H,COOCH; >20 
Ethyl o-benzoylbenzoate >20 
n-Propyl-o benzoylbenzoate | CsH;COC,H,COOC;H;, >20 
n-Butyl-o-benzoylbenzoate C,H;COC,H,COOC,H, >20 
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| 
| 
| 
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10 | 
11 | 
12 | 
13 | 
14 
15 
16 | 
17 | 
18 ‘ 
19 | 
20 | 
21 
22 
23 | 
24 | 
25 | 
26 
27 
28 | 
29 | 
30 | 
31 
32 
33 | 
34 | | 
35 | 
36 
37 | 
38 | 
39 | 
40 | 
41 | | 
42 | 
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TABLE 1—Continued 


‘a 
COMPOUND CHEMICAL FORMULA 
43 | D | 2 Carboxy, 4 phenoxybenzo- | CsH;COC,H,[OC,H,;]JCOOH >20 
phenone 
44 | D | 2[4 Phenoxybenzoyl] benzoic | CsH,O-CsH,COC.Hy- COOC,His >20 
acid-n hexyl ester 
45 | D | 2 [4Phenoxybenzoyl] benzoic | CsH,O-Cs,H,COC,.H,-COOC,H,OC.H; |>20 
acid-2 ethoxyethyl ester 
46 | D | 5’Chloro, 2’/hydroxybenzophe-} [Cl] [OH]CsH;COC,H,COOH >20 
none, 2 carboxylic acid 
47 | D | 4 Benzoyl phenoxy acetic acid) CseH;COC,H,OCH:zCOOH >20 
48 | D | 4 Benzoyl phenoxy acetic | [CsHs;COC,H,OCH,COO].C.H, >20 
acid, ethylene glycol diester 
49 M Thiobenzophenone C.sH;CSC.H; 2.5 
50 | M | 2 Furyl phenyl ketone C.,H,0-CO-C,H; 10 
51 | E | Xanthone CO:[C.H,]2:0 >20 
52 | E | Fluorenone CeH,COC,.H, >20 
53 | E | Benzoyl piperidine CsH;sCO-NCsHio >20 
54 | E | Benzoyl a-naphthylamine CeH;sCO-NH-CioH7 >20 
55 | E | Acetophenone CH;COC,H; >20 
56 | E | Propiophenone C:H;COC,H; 20 
57 | E | Phenyl n-propyl ketone C;H,COC,Hs 20 
58 | E | Phenyl n-butyl ketone C,H,COC,H; 10 
59 | E | Phenyl n-amyl ketone C;Hi,COC,H; 5 
60 | M | Phenyl n-hexyl ketone CsHisCOC.Hs 2.5 
61 | E | Phenylundecyl ketone Cy,H2sCOC,H; >20 
62 | D | 4 Chloro-acetophenone CH;COC,H,Cl 20 
63 | D | 4 Chloro-butyrophenone C;H;COC,H,Cl 20 
64 | E | Methy! B-naphthyl ketone CH;COCicH: 20 
65 | E | Methyl n-hexyl ketone CH;COC,.His >20 
66 | E | Methylnonyl ketone CH;COCsHi» 20 
67 | P | 4,4’Diaminodiphenyl sulfone | H.N-C.H,SO.C.Hy- NH2 >20 


* Source of Compounds: E = Eastman Kodak Company; D = Courtesy of Dow Chem- 
ical Company; M = Prepared in this laboratory; P = Courtesy of Parke, Davis & Com- 


pany. 
The substituted alkyl groups in compounds Nos. 15, 16, and 17 may be on the same ring. 


Numbers 50, 53, 54, 59, 65 were Practical grade. 


mg. per cent), in contrast to 4-iodobenzophenone which did not inhibit in the 
lowest dilution (20 mg. per cent). 
. Six alkyl derivatives (Nos. 12 to 17 inclusive) were tested. 4-Methylbenzo- 
phenone inhibited in high dilution (1.67 mg. per cent). 4-Ethylbenzophenone, 
on the other hand, was poor in tuberculostatic action (20 mg. per cent). The 
4-isopropyl derivative, as well as the x-tri-isopropyl x-methyl and the diethyl 
derivatives showed inhibition only in high concentration (20 mg. per cent or 
more). Three compounds (Nos. 18, 19, 20) illustrate the effect of mixed chloro- 
methyl and chloro-phenyl derivatives. 2-Chloro, 4’methyl and 2-chloro,4’phe- 
nyl benzophenone were low in bacteriostatic action; however, the x-chloro, 
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x-methy] derivative‘ inhibited in very high dilution (1 mg. per cent). Two mono- 
alkoxy derivatives (Nos. 21 and 22) inhibited growth effectively; 4-methoxy- 
benzophenone in concentration of 1.67 mg. per cent and 4-ethoxybenzophenone 
slightly better (1.25 mg. per cent). The two di-alkoxy derivatives (Nos. 23 and 
24), 2,2’dimethoxy and 2,2’diethoxy, were low in tuberculostatic action. The 
beta-hydroxy ethyl ether of benzophenone (No. 25) was markedly inferior to 
the ethyl ether in inhibiting effect, as was also the sulfur analogue, ethylthio- 
benzophenone (No. 26). , 

4-Hydroxybenzophenone and 2,2’dihydroxybenzophenone inhibited at 10 
mg. per cent. The 4,4’dihydroxy derivative was slightly inferior at 20 mg. per 
cent. The two nitro compounds (Nos. 30 and 31), 4-nitrobenzophenone and 3- 
nitrobenzophenone, were very poor in bacteriostatic action. 4-Acetoxy and 
2,2’diacetoxy derivatives also showed low inhibition. Benzyl and benzyloxy 
derivatives (Nos. 34 to 37 inclusive) were inferior in tuberculostatic action. 
Nine ortho-carboxylic acid derivatives (Nos. 38 to 46 inclusive) showed low in- 
hibition. These included o-benzoylbenzoic acid, methyl o-benzoylbenzoate, 
ethyl o-benzoylbenzoate, n-propyl o-benzoylbenzoate, n-butyl o-benzoylben- 
zoate, 2-carboxy-4 phenoxybenzophenone, 2(4-phenoxybenzoyl) benzoic acid-n- 
hexyl] ester, 2(4-phenoxybenzoy]) benzoic acid-2 ethoxyethyl ester, and 5’chloro- 
2’hydroxybenzophenone-2 carboxylic acid. The two acetic acid derivatives, 
4-benzoylphenoxy acetic acid and its ethylene glycol diester (Nos. 47 and 48) 
were also low in bacteriostatic action. 

The thioketone, thiobenzophenone (No. 49) showed a high tuberculostatic 
action (2.5 mg. per cent). 2-Furylphenyl ketone inhibited growth at 10 mg. per 
cent, which was slightly inferior to the diphenyl ketone (benzophenone). The 
diphenylene ketones, xanthone and fluorenone (Nos. 51 and 52), were low in 
inhibiting action. Benzoyl piperidine and benzoyl a-naphthylamine (Nos. 53 
and 54), wherein the ketone carbon is attached to a ring nitrogen or an amino 
nitrogen, were also inferior in inhibiting effect. This had been previously demon- 
strated in the case of benzanilide (1). 

Nine alkyl phenyl ketones were tested (Nos. 55 to 63 inclusive). In general, 
increasing the molecular weight of the alkyl component increased the tuber- 
culostatic action. Acetophenone showed no inhibition in the highest concentra- 
tion. Propiophenone and phenyl n-propyl ketone were slightly superior. Phe- 
nyl n-butyl ketone inhibited at 10 mg. per cent concentration; phenyl n-amyl 
ketone at 5 mg. per cent; and pheny! n-hexyl ketone at 2.5 mg. percent. Phenyl- 
undecyl! ketone, however, inhibited growth only in concentration of 20 mg. per 
cent. Apparently the peak of effectiveness lies somewhere between six and 
eleven carbon atoms in the alkyl component. Chlorine substitution derivatives 
of alkyl phenyl ketones (Nos. 62 and 63) inhibited growth poorly. Methyl 
B-naphthyl ketone also showed inferior inhibition. The two dialkyl ketones, 
methyl n-hexyl ketone and methyl-nonyl ketone (Nos. 65 and 66), likewise in- 
hibited only in high concentration. 4,4’Diaminodiphenylsulfone was included 


4 x-Chloro, x-methyl benzophenone is composed of a series of isomers, with the sub- 
stituted groups on the same ring. 
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with the above ketones for comparison. This compound did not inhibit growth 
at 20 mg. per cent with the culture used in this experiment. However, unlike 
the other compounds showing poor inhibition, this compound appeared to pre- 
vent further growth after a fine pellicle had formed at the end of two days’ in- 
cubation.§ 


SUMMARY AND DISCUSSION 


A large series of benzophenone derivatives and other ketones were examined 
for tuberculostatic action in vitro, in an effort to determine the relation between 
chemical structure and inhibiting action. Many isomers of mono- and di-chloro- 
benzophenone were investigated. Both the ortho- and para-chloro derivatives 
showed a high inhibiting action; the meta-chloro derivative to a lesser degree. 
Dichloro derivatives in the 2,2’ and 2,4’ positions showed the highest tuber- 
culostatic action of all the compounds tested. Chlorine in the 4,4’ and 2,5 
positions on the ring reduced the inhibiting action. The corresponding dibromo 
derivative (4,4’) was not superior. Ortho-iodobenzophenone was slightly 
superior in effect to the ortho-chloro derivative, and considerably more inhibitory 
than para-iodobenzophenone. 4-Methylbenzophenone inhibited growth to a 
high degree; however, the 4-ethy]l and other alkyl derivatives of increased molecu- 
lar weight showed inferior action. This was not the case with the alkoxy deriva- 
tives; 4-methoxybenzophenone inhibited in high dilution, the 4-ethoxy deriva- 
tive inhibiting to a slightly higher degree. Substitution of an OH radical for 
one of the alkyl hydrogens of 4-ethoxybenzophenone negated its superior in- 
hibiting effect, as did also the substitution of sulfur for the ether oxygen. On the 
other hand, substitution of sulfur for the carbonyl oxygen of benzophenone 
(thiobenzophenone) increased the inhibiting action. Although 2,4’dichloro- 
benzophenone was highly effective in inhibiting action, other radicals in the 2,4’ 
positions were inferior, including the following: 2-chloro,4’methyl; 2-chloro ,4’- 
pheny]; and esters of 4-phenoxy , 2’carboxylic acid. 

The OH derivatives of benzophenone were not remarkable in their action. 
The following derivatives also showed inferior inhibition: nitro, acetoxy, di- 
alkoxy, benzyl, benzyloxy, ortho-carboxylic acid and its esters, diphenylene 
ketones, and compounds with the ketone carbon attached to a nitrogen. Alkyl] 
phenyl ketones showed increased inhibiting effect with increase in the molecular 
weight of the alkyl component, at least, up to six carbon atoms. 

A theoretical consideration of some of the observed differences of this series 


of compounds will be reported elsewhere. 


SUMARIO Y DISCUSION 


Tratando de determinar la relacién existente entre la estructura quimica y la 
accion inhibidora, se estudié una serie numerosa de derivados de la benzofenona 
y otras quetonas, incluso muchos is6meros de la mono- y la di-clorobenzofenona. 
Los derivados tanto orto—como para-cléricos revelaron alto afecto inhibidor; 


5 Diaminodiphenylsulfone was tested, dissolved both in propylene glycol and dilute 
HCl. 
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y el derivado meta-clérico menor. De todos los compuestos comprobados los 
derivados bicléricos en los puestos 2,2’ y 2,4’ revelaron el mayor efecto tuber- 
culostdtico. El cloro en los puestos 4,4’ y 2,5’ del anillo rebajé la accién in- 
hibidora, sin que mostrara superioridad el correspondiente derivado dibrémico 
(4,4’). La ortoyodobenzofenona mostré ligera superioridad sobre el derivado 
orto-clérico, y una facultad inhibidora mucho mayor que la parayodobenzofe- 
nona. La metilbenzofenona-4 inhibié decididamente la proliferacién, mas los 
derivados etilicos-4 y otros derivados alkilicos de mayor peso molecular revelaron 
una accion inferior, lo cual no sucedié con los derivados alcoxilicos; la metoxiben- 
zofenona-4 inhibid a diluciones altas, y el derivado etoxilico-4 algo mas. El em- 
pleo de un radical OH en vez de uno de los hidrégenos alkilicos de la etoxibenzo- 
fenona-4 negativé su superioridad inhibidora, sucediendo lo mismo al emplearse 
azufre en vez del éter de oxigeno. Por otro lado, el empleo de azufre 
en vez del oxigeno carbonilico de la benzofenona (tiobenzofenona) acrecenté 
la accién inhibidora. Aunque la 2,4’diclorobenzofenona se mostré muy eficaz 
como inhibidora, se mostraron inferiores otros radicales en los puestos 2,4’, 
incluso los siguientes: 2-cloro, 4’metilo; 2-cloro, 4’fenilo; y los ésteres del Acido 
4-fenoxi , 2’carboxilico. 

Los derivados OH de la benzofenona no mostraron accién muy notable. Tam- 
bién revelaron inferioridad inhibidora los siguientes derivados: nitro, acetoxi, 
bi-alcoxi, bencilo, benziloxi, Acido carboxilico y sus ésteres, quetonas difenilénicas, 
y los compuestos en los que el carbono queténico va unido a un nitr6égeno. Las 
quetonas alkilo-fenilicas mostraron mayor efecto inhibidor al aumentar el peso 
molecular del componente alkilico, por lo menos hasta seis 4tomos de carbono. 

Resérvase para otra comunicaci6n la consideracién teérica de algunas de las 
diferencias observadas en esta serie de compuestos. 


We are indebted to the Dow Chemical Company, Midland, Michigan, for furnishing this 
laboratory with many of the compounds used in this experiment. 
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EFFECT OF INORGANIC IODIDES ON TUBERCLES! 
WILLIAM PRESTON FEATHERSTON 


The effect of iodides on tubercle formation has been the subject of several 
investigations. Gorescu (1), Sorel (2), Cantacuzine (3), Jobling and Peterson 
(4) and Butler (5) have presented qualitative evidence that iodides tend to resolve 
tubercles. On the basis of these observations and rather haphazard clinical 
impressions iodides have been considered to be contraindicated in tuberculosis 
because it was felt that the resolution of the tubercle would release the enclosed 
bacteria and thus tend to disseminate the disease process. It was decided to 
reinvestigate the problem using the omental reaction of guinea pigs to intra- 
peritoneally injected tubercle bacilli according to the method of Saz, Johnston, 
Burger and Bernheim (6). 


EXPERIMENTAL 


From 3.0 to 6.0 mg. of heat-killed tubercle bacilli of the B1 strain were injected 
intraperitoneally into guinea pigs. The bacteria were killed to prevent con- 
tinuous tubercle formation during the experiment. On the twelfth day after 
injection some of the animals were given 100 mg. per kilo body weight per day 
of potassium or sodium iodide intraperitoneally for twenty-five days. Both the 
controls and treated animals were tested with Old Tuberculin on the twelfth and 
twenty-fourth day. All showed positive reactions and no difference was de- 
tectable in the two groups of animals. On the twenty-fifth day the animals were 
killed and their omenta weighed. As shown in table 1, no difference in the 


TABLE 1 
The effect of iodides on the omental weight of guinea pigs injected with heat-killed tubercle 
bacilli of the B1 strain. The average omental weight of normal guinea pigs 
is 0.22 g. per 100 g. body weight 


ekg OMENTAL WEIGHT IN G. PER 100 G. BODY WEIGHT AVERAGE 
5 Control 0.28, 0.62, 0.49, 0.39, 0.44 0.44 
5 Treated 0.45, 0.52, 0.57, 0.45, 0.61 0.52 
7 Control 0.52, 0.41, 0.25, 0.40, 0.40, 0.33, 0.19 0.36 
4 Treated 0.35, 0.38, 0.30, 0.37 0.35 
6 Control 0.52, 0.48, 0.33, 0.36, 0.50, 0.70 0.48 
8 | Treated 0.70, 0.57, 0.64, 0.39, 0.28, 0.33, 0.65, 0.65 0.52 


omental weights was observed. Histological examination of the omenta showed 
tubercle formation in the control and experimental animals and no evidence was 


1From the Department of Physiology and Pharmacology, Duke University School of 
Medicine, Durham, North Carolina. 
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seen that the iodides were causing any breakdown or resorption of the tubercles. 
During the experimental period there was no difference in the weight changes of 
the guinea pigs in the two groups of animals. 


SUMMARY 


Tubercles formed in the omentum of the guinea pig as the results of the 
intraperitoneal injection of heat-killed tubercle bacilli are not affected by large 
doses of inorganic iodides given over a period of twenty-five days. 


SUMARIO 


Los tubérculos formados en el epipl6én del cobayo a consecuencia de la ‘in- 
yeccién intraperitoneal de bacilos tuberculosos matados al calor no son afectados 
por dosis masivas de yoduros inorgdnicos suministradas durante un perfodo de 
25 dias. 


My thanks are due to Dr. George Margolis for the histological examination of the omenta. 
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VIRULENCE OF TUBERCLE BACILLI 
An in vitro Method for Its Estimation 
PHILIP SCHAIN} 


“The prognostic significance of the presence of tubercle bacilli must be guided 
by three factors at all times: Specific immunity to tuberculosis, which cannot 
be gauged at present in the individual case; the number of bacilli in the lungs, 
which may be approximated, and the virulence of bacilli, which can be tested.” 
(Corper) 

The testing of virulence, as done by Corper and his associates (1, 2, 3, 4), con- 
sists of inoculating guinea pigs or rabbits with standard minimal doses of the 
patient’s culture of tubercle bacilli, and observing the rapidity of death and 
degree of pathological involvement in the animal, as compared with standard 
findings. As a result of their work, these authors have found that tuberculosis 
may give rise to two disease phenomena: first, the disease tuberculosis due to the 
morbid changes produced by the tubercle bacilli and significant clinically through- 
out the course of the disease; and second, the tuberculous allergy consequent 
upon the toxic manifestations which may be produced by the bacilli themselves 
whenever mobilized or when conditions for adequate absorption of the bacilli 
exist. The latter condition can be clinically significant when the bacilli harbored 
by the patient are of low or high virulence and when present in sufficient amounts 
and the allergic hypersensitive state is sufficiently accentuated. 

During the past four years, the problem of virulence has been considered from 
a different angle, having been approached immunologically rather than through 
animal pathology. It was found that virulent tubercle bacilli bore a peculiar 
relationship to diphtheria antitoxin, that is, in the presence of from 15 to 25 units 
of diphtheria antitoxin per cc. of solid medium, the growth of tubercle bacilli was 
partially inhibited, and when 30 to 60 units were present, multiplication of the 
organisms ceased entirely (5, 6). 

The present problem, broadened to include avirulent tubercle bacilli and other 
acid-fast organisms, was done to determine whether or not resistance of acid-fast 
bacilli to diphtheria antitoxin could be used as an index of their virulence. 


MATERIALS USED 


1. Potato-glycerin-blood-agar: This was prepared as follows: 500 g. of finely 
diced potatoes were mixed with 60 cc. of glycerin and 500 cc. of water and placed 
in the autoclave for thirty minutes at 15 Ibs. pressure, after which the fluid was 
separated by filtration through gauze and cotton. To 250 cc. of this extract, 
750 cc. of 0.6 per cent salt solution and 20 g. of agar were added and heated in a 
water bath until solution of agar was complete. The pH was adjusted to 7.4 
and the media tubed in 4 cc. quantities and sterilized in the autoclave at 20 lbs. 
pressure for fifteen minutes. The sterilized liquefied potato-glycerin-agar base 


1 Captain, Sanitary Corps, A. U.S. Station Hospital, Fort Hayes, Columbus, Ohio. 
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was cooled to 55°C., and to each tube containing 4 cc. of media, 1 cc. of human 
blood previously warmed to 37°C., or a mixture of blood and antitoxin, was added, 
mixed by rotation and slanted. After the slanted medium had cooled and 
hardened, it was ready for use. 

2. Diphtheria antitoxin (obtained from the Board of Health, New York City), 
containing 1,400 units of diphtheria antitoxin per cc. and 1:10,000 merthiolate, 
was used. 

3. Normal horse serum, containing merthiolate in a concentration of 1:10,000, 
served as the control for diphtheria antitoxin. 

4. The blood was prepared by mixing 100 cc. of a 2.5 per cent solution of sodium 
citrate with 500 cc. of normal human blood. 

5. Acid-fast bacilli: Twenty-one strains of acid-fast bacilli were used in this 
problem; they were divided, as far as practicable, according to their virulence 
for guinea pigs: 


(1) Very virulent 
Strain A (H37 - RV- Trudeau) 
(1a) Moderately virulent 
Strain B (H37 Henry Phipps Institute) 
(1b) Virulent (Organisms pathogenic for guinea pigs, but degree of pathogenicity 
unknown) 
Strain C (B1-Bovine, New York City Health Department) 
Strain D (Ravenel-Bovine, Henry Phipps Institute) 
Strain E (Yellow chromogenic acid-fast bacillus obtained from sputum) 
Strains F through J (Routine cultures of virulent tubercle bacilli) 
(2) Avirulent 
Strain K (H37, Colorado Foundation) 
Strains L and M (BCG cultures, Henry Phipps Institute) 
Strain N (Avian tubercle bacilli) 
(3) Acid-fast organisms other than tubercle bacilli 
Strains O and P (B. leprae-Duval) 
Strain Q (B. smegmatis) 
Strain R (M. phlei) 
Strains 8, T, U (Yellow avirulent chromogenic acid-fast bacilli which 
culturally did not resemble the tubercle bacillus, obtained from urines 
and sputum) 


The organisms described above were inoculated upon potato-blood-glycerin- 
agar; and after four to six weeks, the growth was removed with a sterile spade 
and thoroughly suspended in saline solution. It was allowed to settle for one 
hour in a test tube to free it of clumps, after which the supernatant portion was 
removed to another sterile test tube. Five cc. of this suspension were accurately 
measured, placed into a tared evaporating dish and evaporated over a boiling 
water bath to constant weight. 

The evaporating dish and its contents were then accurately weighed and the 
dry weight determined. Subtracting the weight of the sodium chloride in the 
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saline, the number of milligrams of tubercle bacilli, dry weight, was estimated. 
The suspension of tubercle bacilli was then so adjusted with saline that 0.5 cc. 
represented 0.66 mg. of dry weight. 


PROCEDURE 


For each strain of bacilli, a series of 18 different sets of potato-glycerin-blood- 
agar cultures, each in duplicate, was prepared. The first set, serving as media 
control, contained no antitoxin. The second set contained 20 units of diphtheria 
antitoxin per cc. of medium, the third 25 units per ce. and so on, continuing 
progressively to 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100,and 125 units of 
diphtheria antitoxin per cc. of medium. The eighteenth set, the antitoxin 
control, was to determine what, if any, inhibitory action the merthiolate and 
serum exerted on the development of the acid-fast bacilli. These latter controls 
were made by adding an amount of merthiolate and horse serum equal to that 
present in the set containing the largest amount of diphtheria antitoxin. 

Each series of tubes was inoculated with 0.5 ec. of one of the suspensions de- 
scribed above, rocked so that the inoculum covered the surface and incubated 
in a slanting position for twenty-four hours. The tubes were then sealed with 
melted paraffin. After the paraffin had hardened, an opening was made in it 
with a 19 gauge needle and the tubes were placed in an upright position in the 
37°C. incubator. 


RESULTS 


After four to six weeks of incubation, depending upon the time when maximum 
growth on the media and antitoxin controls was seen, the cultures were examined. 
Chart 1 shows the number of units of diphtheria antitoxin present per cc. of 
medium after which the strains of acid-fast bacilli showed no further growth. 


SUMMARY 


The known highly virulent strain A (H37-RV Trudeau) was not able to grow 
in media containing more than 35 units of diphtheria antitoxin per cc. of medium. 

The known moderately virulent strain B (H37-Henry Phipps Institute) ceased 
growing after the diphtheria antitoxin concentration reached 45 units per cc. of 
medium. 

The virulent strains C through J, of which the degree of virulence was un- 
known, were not able to propagate in concentrations of diphtheria antitoxin 
varying from 30 to 50 units. 

The known avirulent strains, K through N (H37-Colorado Foundation, 2 BCG 
cultures and avian tubercle bacilli), grew up to 75 to 90 unit concentrations. 

The other acid-fast organisms which were not tubercle bacilli, strains O 
through U (B. leprae, B. smegmatis, M. phlei and other chromogenic bacilli), were 
not appreciably affected by concentrations up to 125 units of diphtheria antitoxin 
per cc. of medium. 
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CONCLUSIONS 


1. Virulence of acid-fast bacilli may be measured in vitro by the extent to 
which they are inhibited in their growth by diphtheria antitoxin. 

2. The amount of diphtheria antitoxin necessary to prevent the growth of 
acid-fast bacilli appears to be inversely proportional to their virulence. 

3. Using diphtheria antitoxin, acid-fast bacilli may be divided broadly into 
three categories: (1) virulent tubercle bacilli which are inhibited in concentra- 
tions of from 30 to 50 units; (2) avirulent tubercle bacilli, inhibited in concentra- 
tions of 75 to 90 units; and (3) acid-fast saprophytes, which are not appreciably 
inhibited in concentrations of diphtheria antitoxin up to 125 units per cc. of 
medium. 


CONCLUSIONES 


1. Puede medirse in vitro la virulencia de los bacilos Acidorresistentes guidn- 
dose por la forma en que afecta su desarrollo la antitoxina diftérica. 

2. La cantidad de antitoxina diftérica que se necesita para impedir el desarrollo 
de bacilos Acidorresistentes parece hallarse en raz6n inversa a la virulencia de los 
ltimos. 

3. Con el empleo de la antitoxina diftérica, pueden dividirse los bacilos Aci- 
dorressistentes en tres categorias: (1) bacilos tuberculosos virulentos que se in- 
hiben con concentraciones de 30 a 50 unidades; (2) bacilos tuberculosos aviru- 
lentos que se inhiben con concentraciones de 75 a 90 unidades; y (3) saprofitos 
Acidorresistentes que no son inhibidos apreciablemente ni por concentraciones 
hasta de 125 unidades por cc. de medio. 


The author is indebted to Dr. H. J. Corper for his aid in supplying cultures of tubercle 
bacilli and data on their virulence. 
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TREATMENT OF SEVERE TUBERCULIN REACTIONS! 
J. D. PILCHER 


The reaction at the site of an intracutaneous injection of tuberculin solutions 
is occasionally severe, that is, it progresses to the stage of vesiculation, with 
sloughing of tissue and scar formation. The disadvantages of this result need 
no stressing. Obviously any procedure that will lessen the progress of a reaction 
that has already gone to the stage of vesiculation or loss of tissue, or bids fair to 
do so, would be of value. Several years ago an ice bag was applied continuously 
to such a lesion with the gratifying result that the reaction did not progress 
further. As the intracutaneous tuberculin test is made on all patients admitted 
to the Pediatric Division of the Cleveland City Hospital, there has been ample 
opportunity to check the results. The method has not failed to be effective 
when it has been carried out meticulously. This report is a summary of the 
experience obtained in applying this procedure on more than 30 patients. 

The tuberculin injections are made into the skin of the flexor surface of the 
right forearm. When a reaction progresses so rapidly that it seems that vesicula- 
tion with sloughing (that is, a 4-plus reaction) will result, an ice bag is applied 
and kept in place continuously, even for as long as four days or until the lesion 
shows regression. 

When the ice bag has been properly and continuously applied, the reaction 
either remains stationary or progresses but slightly. There have been failures, 
however, owing to the fact that the ice bag has been removed too soon or that it 
has not been continuously applied. The first of these faults seldom occurs now, 
as the lesson has been learned that the lesion must be examined frequently for a 
number of hours after the ice bag has been removed and that the bag must be 
promptly replaced if the inflammation is not subsiding or if it seems to be ad- 
vancing. 

To keep the ice bag in position continuously is not an easy matter. Patients 
seldom coédperate; infants and young children, of course, cannot and older 
children seldom do as they do not appreciate the importance of the procedure. 
Nor do student nurses always realize the need of frequent observation of the 
position of the ice bag. Too often one finds the tuberculin site warm and an 
adjacent part of the arm quite cold, a result produced simply by rotation of the 
forearm. 

When there is no coéperation, the procedure adopted is the following: The 
patient is kept on his back with wrists tied to the sides of the bed. The ice bag, 
wrapped in a single layer of hand towel, is placed over the site of injection and is 
pinned tightly to the mattress so that it remains snugly fastened over the inflamed 
area. A well applied ice bag keeps the skin cold. Continuous application of 
the bag for several days has elicited no complaints nor does lying on the back, 
with proper nursing care, for three or four days cause any great discomfort. 
Occasionally an older child coéperates well and needs restraint only during sleep. 


1 From the Department of Pediatrics of Cleveland City Hospital and of the School of 
Medicine, Western Reserve University, Cleveland, Ohio. 
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COMMENTS 


The use of cold application to lessen inflammatory reactions is too well known 
to merit discussion. The inhibiting effect of cooling the skin on local reactions 
(for example, histamine wheals) has been demonstrated by Lewis and Grant (1) 
by immersing the injected site in cold water (12° to 15°C.). They showed also 
that when the arm is removed from the cold water the wheals attain the usual 
size in about fifteen minutes. ‘The more gradual development of wheals in a 
cold skin is sufficiently explained by a degrease in the supply of blood to it” 
(p. 92). These facts explain the results obtained in the work presented here, 
namely, that tuberculin reactions are lessened by cooling the affected site, thus 
decreasing the circulation of blood to it. The method could probably be used 
to good advantage in other local reactions such as the Dick and Schick tests. 


CONCLUSION 


The direct application of cold, as described, is an efficient method of preventing 
excessively severe reactions following the intracutaneous injection of tuberculin 
solutions. 


CONCLUSIONES 


La aplicacién directa del frio, en la forma descrita, constituye un método eficaz 
para impedir las reacciones excesivamente graves que se presentan después de la 
inyeccién intracuténea de soluciones de tuberculina. 
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PERSONAL PROBLEMS IN TREATMENT OF TUBERCULOSIS! 
EDITH G. SELTZER? 


In all illness, the most baffling and unpredictable element is the person who is 
sick. This is no less true in the treatment of persons who have tuberculosis 
than in the treatment of persons with other illnesses. Considerable progress 
has been made in the last four decades in the realm of medical diagnosis and 
treatment, as well as in the public health control of this disease. Even to-day, 
in the midst of war, we hear of chemotherapy experiments in this field (1) and 
encouraging results in the discovery of thousands in the earlier stages of the ill- 
ness through Selective Service examinations (2). 

But we must recognize that there is one aspect in the treatment of the disease 
which has remained relatively unaffected by this progress, and this is lack of 
consideration of the tuberculosis patient as an individual, and the relationship 
between his illness and his personal problems. This lack may account for many 
fundamental difficulties encountered by those who are working with these pa- 
tients. We must know more about the problems which trouble the patient, the 
obvious worries and the concealed anxieties, known or unknown to him, that 
stand in the way of his treatment; we must recognize that we have still to learn 
how to utilize the coédperative capacity of the patient himself in the management 
of his illness and in assisting him to recover. 

Physicians, in reporting on the problems that they meet in their treatment of 
patients with tuberculosis, frequently refer to poor coéperation on the part of 
the patient. For example, a medical report in the Journal of the American 
Medical Association (3) comments that, “Refusal of patients to remain in the 
hospital constitutes one of the greatest difficulties both in the treatment of the 
individual case and in the protection of the community.” 

Another physician (4) states: “If tuberculosis patients could and would remain 
in sanatoria, and be given the advantages of all the known methods of treatment 
until they have reached the stage of so-called ‘arrest’ the majority would probably 
remain well. But most of them won’t stay that long even if there were enough 
beds to hold them.” 

As a result of the difficulties in getting patients to accept hospitalization, or to 
remain in the sanatorium for suitable periods, relapse and recurrence are among 
the most serious problems in the treatment of the disease. We are told that 50 
per cent of patients discharged from sanatoria may be expected, within the next 
five years, to die or break down again (5). 

As one interested, from the point of view of community health, in the provision 
of adequate resources and services, rather than as a practitioner in the tubercu- 
losis field, I shall discuss some of the methods used by medical case-workers in 
working with patients as individuals. Application of social work concepts has 
already proved beneficial in those few tuberculosis programs which have utilized 

1 Presented before the Health Section at the New York State Conference on Social Work, 


New York City, November 18, 1943. 
2 United Hospital Fund of New York, 370 Lexington Ave., New York 17, New York. 
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them. It is the purpose of this paper to discuss the function of the case-worker 
in relation to the treatment of tuberculosis in hospitals, clinics and sanatoria. 

What is the nature of this problem? Why do so many patients refuse to co- 
operate in medical plans which are obviously made to help them, or, if seeming to 
agree in the plans, find themselves or their families in a situation which makes 
execution of the plans seemingly impossible? Should the medical profession and 
other groups in the community interested in the treatment and prevention of 
tuberculosis assume that the inability of the patient to carry out medical plans 
makes the problem hopeless? 

Literature in this field indicates a striking lag in the general application of 
tested knowledge of human behavior to the personal and emotional problems of 
these patients. 

Experience has proved that case-work has a contribution to make in the 
treatment of patients with chronic illnesses through individualized study and 
treatment of the social and emotional components. We note for the most part 
an absence of this type of service in sanatoria where it is expected that the 
patients will remain for long periods. Equally significant is the lack of case- 
work service in many hospitals, clinics and departments of health for patients 
who are being examined for tuberculosis. Noteworthy exceptions are to be found 
in hospitals and sanatoria where medical case-work is an integrated part of the 
tuberculosis program. Of special interest is the recent directive issued by the 
Medical Director of the Veterans Administration, advising all hospitals under 
their jurisdiction to arrange for a social worker to have conferences with each 
tuberculosis patient as a means of helping the patient in his adjustment to the 
hospital and in an “effort to reduce irregular hospital discharges to a minimum.” 
This is an affirmation on the part of the Federal Government that the personal 
problems of the patient are significant in the treatment of tuberculosis. Re- 
ports of developments in those institutions where case-work is a part of the 
tuberculosis program may well serve as guide-posts (6). 

A description of the function of the social worker in tuberculosis hospitals, as 
set forth recently by the Veterans Administration (7) may summarize for all of 
us the generally accepted responsibilities of medical case-workers: 


“Tn tuberculosis hospitals the social worker will seek through teamwork with the physi- 
cians to alleviate patients’ personal problems and anxieties before they become so acute 
as to cause chronic uneasiness, restlessness, or repeated requests for passes, absences 
without permission, or discharges against medical advice. Insofar as possible, she will 
give all patients, soon after admission or after establishment of the diagnosis of tubercu- 
losis, an opportunity and encouragement to confide any social problems disturbing them 
which, in view of their illness and the restrictions involved in the prescribed treatment, they 
see no way of meeting and with which they would welcome her help. She will enlist the 
patients’ full cooperation and that of local agencies in checking and preventing the spread 
of the disease to others in their families and communities. As the time for their discharge 
approaches, she will work out with them definite advance arrangements for such impor- 
tant matters as suitable employment or vocational training or further out-patient medical 
supervision when indicated, and healthful surroundings and living arrangements with a 
view to preventing relapses.” 
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The specific problems mentioned in this paper have been formulated after 
reading case records in a group of hospitals and having had discussions with 
practitioners concerning the types of personal difficulties which they found were 
hampering medical treatment. 

In the treatment of tuberculosis patients an essential conflict exists between 
the need of the community to protect itself against the patient who has a con- 
tagious disease, and his personal need for the warmest possible support of his 
family and friends. The patient’s personal dilemma derives from the fact that 
he is the individual who has the contagious disease. He is the carrier, the public 
health menace, the person who must be isolated in order to protect his friends 
and society. He is the person who should go to the sanatorium, as much for 
the protection of his family’s health as to recover from the illness. 

As a member of the family group he will have to consider how his family will 
react to his breakdown and what it entails for them in the way of economic hard- 
ship and separation. As an individual he may have fears about his future, his 
survival. He wonders why he has this illness, who gave it to him. Is he being 
punished? He may be assailed by doubts about his family; will they stand by 
him? can he trust them? What he actually experiences in his relationship with 
his family at this period will reflect, of course, long existing patterns and will 
light up attitudes which, though sometimes concealed, are now brought out more 
clearly by the shock of the diagnosis. The patient will expect the same quality 
of help from his family as he has received in previous situations. However, his 
emotional need requiring greater proof of affection, he may often feel that he is 
receiving less from them. 

By the very nature of the illness, the tuberculosis patient is doomed to a cer- 
tain amount of rejection by his family and friends. The degree of help which 
the family can extend to him will depend on many factors. I mention only a 
few as illustrative of what the case-worker needs to understand in order to help 
him. For example, the amount of genuine affection; the presence of construc- 
tive or destructive feelings; whether relationships have reflected neurotic de- 
pendency or more mature interdependence; and the extent to which the patient 
or his family may feel themselves responsible for the onset of the disease. Such 
attitudes and feelings may be deeply hidden, unknown to the patient or to the 
family, hence all the more baffling to the persons who have not the technical 
competence to recognize the clues or to know how to help patients struggling 
with these personal difficulties. Tagging the patient as “uncodperative” is 
understandable, although it may mean an acknowledgment that the social prob- 
lems of the patient are beyond the skill of the person working with him to treat. 

Specific problems will arise because of the economic uncertainties for the pa- 
tient and for his family, especially if he is the wage earner. A high incidence of 
tuberculosis among persons in the lower income groups places financial inse- 
curity in the forefront of social work problems in the treatment of these patients. 
The patient frequently sees that his illness will not only remove him from his 
status as a wage earner but will, as a result of this, force his family to lower its 
standard of living. 
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Still another source of anxiety which may condition the family’s attitude to- 
ward the patient comes from the new and specific threat in their lives. They 
now find themselves in a state of constant fear of contracting a dread disease. 
They wonder who will get it next. Have I got it? Will the children get it? 
Is it hereditary? How will it affect marriage? 

In spite of long years of public health education there are still many who are 
totally ignorant of the facts concerning this disease or who are influenced by 
superstition. An opportunity to discuss personal hygiene with the doctor, nurse 
or social worker may help the patient and his family to feel safer about contagion. 

Naturally, family attitudes toward the disease, and many of the patient’s 
own feelings about it, spring from attitudes that are prevalent in our culture. 
Large groups in the community still consider tuberculosis as a blight upon them- 
selves and their families; something of which to be ashamed; a taboo. It be- 
longs to the group of illnesses which still carry stigma, such as mental and ven- 
ereal disease. Tuberculosis seems linked with ideas of weakness; it suggests to 
some, poor heredity; to others, lack of cleanliness. To many it represents fail- 
ure to live up to the generally admired standard of health and strength (8) and 
this, in our present culture, is “unforgiveable.”’ . 

It is these attitudes that the patient brings with him, when he sees the social 
worker, that she attempts to cope with and to modify by explaining the facts. 
We all know that intellectual acceptance of a concept is only a first step in making 
the knowledge a part of us. Hence it is not surprising that, while many patients 
and their families seem to understand the facts, they are still a long way from 
being able to make the knowledge an integrated part of their thinking, feeling 
and action. Ability to gauge the readiness of the patient and his family to par- 
ticipate in planning is a function of the case-worker. The degree of her success 
will depend on her skill and her own basic attitudes toward the disease. 

The social worker will be aware that the circumstances under which the pa- 
tient comes to the hospital or clinic may offer helpful clues to the doctor and 
others in considering the patient’s situation. It is important to know whether 
the patient’s referral to the medical or tuberculosis clinic has been the result of a 
routine community case-finding process, such as examination in school, indus- 
trial plant or Selective Service; or because of the patient’s own medical com- 
plaints; or because of a contact examination. 

The medical diagnostic period may be brief or lengthy. In any case, this 
period will be, for most patients, a trying one. Regardless of the patient’s 
surface reactions, an understanding of what he is really experiencing is important. 
Gilbert and Sullivan have said in Pinafore: ‘‘Things are seldom what they seem. 
... At the first contact the patient may present an exterior which seems to 
reflect an ability to handle his own problems. The social worker should be able 
to see through this, if it is not so, and reach out to offer help, recognizing the 
dependent person within. Very often patients have fears and problems that 
they hesitate to talk about, perhaps even hesitate to admit to themselves. As 
they get to know the case-worker and trust her, they can discuss these worries 
with her. Of course, the process of coming to trust a stranger is sometimes 
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slow, even in a professional relationship. Feelings about parents, about hus- 
bands or wives, jealousy of brothers and sisters, feelings of failure—all these may 
have been concealed for years, perhaps even avoided in the patient’s own think- 
ing. However, at a time of emotional crisis, such as at the time tuberculosis is 
discovered, a spark may be set off to such feelings and patients may find them- 
selves brooding about them. 

Only an individual who is professionally trained to understand the meaning 
of these feelings will know how to handle such discussions in a way that will be 
helpful to the patient. It may mean that the patient will have to discuss fully 
certain phases of his problems before he can change from being an uncoéperative 
patient to being a codéperative one. It may mean that the social worker will 
have to have a daily interview with the patient over a period of weeks. The 
time required differs in each case depending upon the individual patient and his 
readiness to discuss his difficulties. ‘Confidence at best comes hard, and is 
easily threatened.” (9) Sharing the complete confidence of the case-worker, 
who accepts and understands without judging or blaming, may be a unique 
experience for the patient. 

We see, then, through her recognition of the interplay of social and emotional 
factors in the patient’s life and through her knowledge of community resources, 
that the social worker is in a position to assist the patient toward gaining insight 
into his own problems. This will help him toward real and sustained codépera- 
tion in plans for his treatment. Helping him to find himself and enabling him 
to make purposive decisions regarding his future medical care are steps in the 
strengthening of the patient as a person and a good preparation for a patient 
about to embark on a new way of life. 

Medical experience in the treatment of tuberculosis indicates that patients 
respond better if they have a period in a sanatorium, where they have controlled 
rest and an opportunity to learn how to live with tuberculosis. 

Going to a sanatorium means removal of the patient from his home for a rela- 
tively long period of time. The necessity for making this decision, coming often 
simultaneously with the shock of the diagnosis, finds the patient too disturbed to 
understand the value to him of sanatorium care. The case-worker may help the 
patient through interpretation to him and to his family of the need for this care 
and to give him an opportunity to discuss his personal fears in relation to this 
matter. She will observe the attitude of the patient and his family so that she 
can assist them in working through plans for the patient’s immediate and long- 
time care. 

Contact examination is, like the recommendation for sanatorium care, an- 
other aspect of the tuberculosis program which is both a measure of public 
health control and an essential safeguard to the health of the persons involved. 
While arrangements for these examinations are generally carried through with- 
out too much difficulty, it is known that sometimes a patient will react more 
violently than at the time the original diagnosis was made, when he learns that, 
because of the nature of his illness, it is necessary for all members of his family 
to have a contact examination. Sometimes members of the family will exhibit 
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unexpected refusal to undergo examination. While legal authority may be in- 
voked in these cases, more favorable long-time results may be expected if a 
case-worker discusses the refusals with the family and helps them to accept the 
medical examinations indicated. 

The emphasis in discussing sanatorium care with the patient may centre 
around proving the necessity for protecting his family against the danger of the 
disease. Actually, the reason for sanatorium care is as much for the sake of the 
patient’s own return to health as to protect the community from him. It is my 
conviction that there is no stronger argument to offer any patient than that the 
recommendation being made is the best plan for him. He will probably be 
helped, too, if he recognizes that the doctor and case-worker believe that it is 
important for him to get well for his own sake, not just to please his family or the 
doctor, but because as an individual in his own right, his recovery is important. 
Case-workers have found that it becomes easier for the most determined patient 
to make a decision in favor of sanatorium care when he realizes that his doctor 
and case-worker believe he has a better chance of getting well there. It is pos- 
sible that patients become confused by the emphasis often placed on the con- 
tagious element in the situation. The emphasis on this and on the need of the 
family to hasten the patient’s removal from the home seems to me to point up 
the negative factors from the patient’s point of view. 

Curiously enough, there still seems to be uncertainty in the minds of some of 
the doctors, nurses and social workers concerning the decision to recommend 
sanatorium care for a patient, so that patients sense our own unexpressed ques- 
tions about sanatorium care. That is, we may sometimes have reservations 
about the quality of care in this or that institution; or perhaps, deep down, there 
is not complete belief that hospital care is the best plan for this particular pa- 
tient. In other words, patient participation seems to be dependent upon the 
understanding of the patient as a person and upon the belief that the plans sug- 
gested will help his recovery. 

When there is no case-work service available at the point of medical care 
planning, the patient will not have the same kind of opportunity to bring forth 
his fears freely regarding the diagnosis, the treatment, the plans; hence, we may 
expect him to carry these unresolved anxieties and resistances on to the sana- 
torium with him. Perhaps he will refuse to go to the sanatorium, or he may go » 
because his family has made it clear that “he must go.” If he has not had a real 
opportunity to think through his own desires about the sanatorium care, he will 
arrive at the sanatorium rebellious, sullen or whatever is his own characteristic 
way of showing disappointment or distrust. Under the circumstances, we should 
not be surprised if he leaves against advice. 

Some confusion exists because of the extent to which public health nurses are 
called upon to screen social and emotional problems at the point of diagnosis 
and to plan medically for tuberculosis patients. Although screening inevitably 
includes a small part of social work treatment, it is now a part of the function of 
the public health nurse. It should be pointed out that the services of both 
public health nurses and social workers are essential. However, the contribution 


us- 
ay 
k- 
3 is 
ing 
be 
lly 
ive 
ill 
he 
his 
is 
ar, 
ue 
1al 
eS, 
ht 
m 
he 
nt 
ts 
ad 
a- 
n 
to 
1e 
re 
is 
1e 
ic 
1- 
t, 
y 
it 


564 EDITH G. SELTZER 


which each has to make differs greatly. A recent description of public health 
nursing (10) defines its primary function as “‘health teaching, that is, to teach 
the principles of personal hygiene, home sanitation, disease prevention and health 
promotion.”” Commenting on this definition from the viewpoint of social work, 
Miss Ruth Gartland states: ‘The nurse is a teacher of health and also gives 
bed-side care in illness. The social worker’s primary purpose is neither of these, 
and her knowledge, skill and methods therefore need to be different in relation to 
her purpose. She is not a teacher but an enabler.”’ It is beyond the scope of 
this paper to suggest how better codrdination of the services offered by public 
health nurses and social workers may be achieved. That such coérdination is 
necessary and inevitable is apparent. 

Arrival at the sanatorium marks a new life for the patient. Presumably the 
referring social service department has sent on a report of its knowledge of the 
patient and his family so that the personnel at the sanatorium may continue a 
warm and meaningful relationship with him. He may be upset by the separa- 
tion from the family and have difficulties in adjusting to group living. The 
environment of the sanatorium with its spirit of hopefulness or hopelessness— 
whichever permeates—will touch him quickly. If he has had any fears about 
the length of time he must stay here, he may react now. He will sense quickly 
what the management of the sanatorium thinks the sanatorium stay should mean 
in the lives of the patients. It may be a place to get bed-rest only; or it may 
offer a new full life built around medical care. It may mean an opportunity for 
the tuberculosis patient to find himself through the services offered, such as 
rehabilitation, vocational therapy, case-work, library and occupational therapy. 
This is especially possible in sanatoria where the work with the patient is planned 
around a joint approach of all these services (11). 

Those sanatoria, public or private, which do not have the type of trained 
personnel, the need of which has been indicated, are apt to find greater problems 
arising from restlessness of patients. In such situations, especially if the problem 
of discharges against advice looms large, there is a tendency for the administra- 
tion to alternate between being over-authoritative to being too lenient for the 
patients’ benefit. For instance, the decision to permit patients to make home 
visits during the sanatorium period is one which is fraught with danger unless 
the doctor and social worker who are working with the patient know the indi- 
vidual situation thoroughly- 

If I have devoted the major part of my comments to the discussion of helping 
the patient in the earlier stages of his adjustment to a new way of life, it is be- 
cause I believe that this is a fundamental which should precede and then be 
coérdinated with long-time medical and rehabilitation plans. Through this 
process there is reliable knowledge about the patient as a person, which is shared 
with the other experts concerned in planning with the patient for vocational train- 
ing and rehabilitation. Much time and effort can be saved if the sanatorium 
knows well the person with whom it is working. 

Concurrently with the important rehabilitation activities, the patient may need 
help preparing himself for the resumption of family life. The case-worker at 
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the sanatorium will decide whether similar help should be extended to the family 
by herself or by an outside social agency. 

Returning home brings different problems and causes different reactions with 
each individual. There are many who are terrified at leaving the sheltered at- 
mosphere of the sanatorium. The patient may fear that he may not be welcome 
back home; that his old friends and associates have drifted away or will shun 
him. He can be helped through this exceedingly difficult period if he has been 
prepared for it during his sanatorium stay through the positive values of a sound 
rehabilitation program and help in his personal adjustment. 

As stated earlier, there has been remarkable progress in the medical care of 
tuberculosis patients and in case-finding programs. But the services and facili- 
ties for helping the discharged patient in his readjustment to the community are 
indeed inadequate. Society’s unfulfilled obligations toward this group are many. 
Personal adjustment can help the individual only up to a certain point—he can- 
not be expected to adjust to a hostile, unfriendly world which, in a sense, punishes 
him for his illness, and will not give him a suitable opportunity for pursuing as 
normal a way of life as his condition permits. Doctor Luehrs (12), in a paper on 
The Emotional Problems in Rehabilitation of the Tuberculous Patient, has given 
us a thoughtful description of this phase of the problem. 

The matter of economic security for these discharged patients remains as one 
of the perplexing problems in the medical and social treatment of this illness. 
Whether this is approached through public assistance, vocational training, shel- 
tered workshops, or through broader planning with industry, or through a com- 
bination of all these, it seems to me that there is a responsibility on the part of all 
those interested in community health to concentrate efforts along these lines now, 
at a time when the community seems sympathetic to rehabilitation programs. 

Implicit in all that has been mentioned heretofore is the recognition that good 
medical care to-day for tuberculous patients means treating the totality of the 
person, if such treatment is to be effective. Consistently good care is essential 
from the point of original medical study through diagnosis, sanatorium care and 
later medical care in the community. To be adequate, such service requires 
the codperative efforts of physicians, public health nurses, case-workers, vo- 
cational and rehabilitation experts. This may sound like a maximum program, 
but we know that incomplete, uncoérdinated and disjointed efforts must be con- 
sidered wasteful, since they do not bring effective results. In order to help doc- 
tors, nurses and other personnel at sanatoria to share a similar philosophy about 
patient care and to increase their insight, opportunities might well be provided 
through the State Department of Health for mental hygiene seminars in tuber- 
culosis institutions (13). 

Understanding of the problems and treatment is only a first step. The re- 
sponsibility remains for all professional and lay groups interested in the care of 
the tuberculous to direct public attention toward the development of a better 

community attitude and, specifically, toward creating a more realistic and 
genuine opportunity for these individuals to maintain themselves in the com- 
munity. 
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SUMMARY 


This paper describes some obstacles to treatment which are created by the 
personal and emotional problems of the tuberculous patient and the effect of these 
on the course of his illness, his adjustment to sanatorium life and his rehabilita- 
tion. The need to learn how to utilize the coédperative capacity of the patient 
himself in the management of his illness and in assisting him to recover is stressed. 
The use of trained medical social workers is recommended in hospitals, clinics, 
sanatoria and public health services where tuberculosis is diagnosed and treated, 
so that there will be recognition and treatment of social and emotional factors 
as an essential to expedite full recovery. 

Through her recognition of the interplay of the social and emotional factors in 
his life, and through her knowledge of community resources, the social worker is 
in a position to assist the patient toward gaining insight into his own problems. 
This will help toward real and sustained coéperation in plans for his treatment. 
When there is no case-work service available at the point of medical care planning, 
the patient will not have the same kind of opportunity to bring forth his fears 
freely regarding the diagnosis, treatment and medical plans, hence he may be 
expected to carry these unresolved anxieties and resistances to the sanatorium 
with him. Much time and effort can be saved throughout the period of sana- 
torium care, vocational training and rehabilitation if the sanatorium knows well 
the person with whom it is working. Particularly in relation to problems of 
after-care, it is pointed out that the responsibility remains for all professional 
and lay groups interested in the care of these patients to direct public attention 
toward the development of a better community attitude and, specifically, toward 
creating a more realistic and genuine opportunity for these individuals to main- 
tain themselves in the community. 


SUMARIO 


Describense algunos obstaculos que crean a la terapéutica los problemas 
personales y afectivos del tuberculoso y el efecto que éstos ejercen sobre la 
evolucién de la dolencia, el ajuste a la vida sanatorial y la rehabilitaci6n fisica, 
recalcdndose también la necesidad de aprender a utilizar la cooperacién del en- 
fermo mismo en la asistencia de su enfermedad y para ayudarlo a reponerse. 
Recomiéndase el empleo de asistentes médico-sociales bien preparados en los 
hospitales, clinicas, sanatorios y servicios de sanidad en los que se diagnostica 
y trata la tuberculosis a fin de reconocer y atender debidamente a los factores 
sociales y emotivos como factor indispensable para ‘acelerar la reposici6n com- 
pleta. 

Por virtud de su reconocimiento de la interaccién de dichos factores en la vida 
del enfermo y de su conocimiento de los recursos de que dispone la colectividad, la 
trabajadora social se encuentra en aptitud de auxiliar al enfermo a comprender 
mejor sus propios problemas, lo cual ayudaré a obtener verdadera y sostenida 
cooperacién en los planes terapéuticos. Si no existe servicio médico-social en 
el sitio donde se planea la asistencia médica, el enfermo no tendrad la misma 
oportunidad de dar voz francamente a sus temores acerca del diagnéstico, trata- 
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miento y planes de asistencia, de manera que llevard consigo al Sanatorio esas 
secretas resistencias y ansiedades. Puede ahorrarse mucho tiempo y esfuerzo 
durante el periodo de asistencia sanatorial, preparacién profesional y rehabili- 
tacién, si el sanatorio conoce a fondo a la persona a quien atiende. En particular, 
en relacién con los problemas de asistencia presanatorial, sefidlase que todos los 
grupos sanatoriales y profesionales interesados en la asistencia de dichos enfermos 
tienen contraida la obligacién de orientar debidamente la atencién del ptblico 
a fin de crear una actitud colectiva mejor y especificamente crear una oportuni- 
dad mas realista y legitima para que esos individuos puedan mantenerse en la 
comunidad. 


Acknowledgment is made to the social service departments of the following hospitals 
where medical social case records of tuberculous patients were read: Long Island College, 
New York Infirmary for Women and Children, New York, St. Lukes—all in New York City. 
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AMERICAN TRUDEAU SOCIETY 
Report of Meeting of the Wisconsin Trudeau Society, March 11, 1944 


Dr. John D. Steele, Secretary-Treasurer 


A meeting of the Wisconsin Trudeau Society was held at Lake View Sana- 
torium, Madison, on March 11, 1944.~- Fifty physicians registered. The mem- 
bers were entertained at lunch by the Sanatorium. Dr. John K. Shumate, 
Medical Director of Lake View Sanatorium, presided. 

The following officers were reélected for a term of two years: 


President—Major George C. Owen, M.C., A.U.S., formerly of Oshkosh, now sta- 
tioned at the Fitzsimons General Hospital. 

Vice-President—Major Einar R. Daniels, M.C., A.U.S., formerly of Milwaukee, 
now overseas. 

Secretary-Treasurer—Dr. John D. Steele, Milwaukee. 


The following were elected to constitute an Executive Committee to assist 
the Secretary in the absence of the other officers: 


Dr. Henry A. Anderson, Stevens Point 
Dr. Helen A. Dickie, Madison 
Dr. Arthur A. Pleyte, Milwaukee 


A summary of the papers presented follows. 


Pulmonary Changes Which May Result from Electric Welding by Dr. O. A. Sander, 
Milwaukee. 

Cases of welders who had worked in confined spaces with resulting develop- 
ment of nodulation throughout the pulmonary fields, as seen in X-ray films, 
were presented. It was pointed out that such nodulation was due to deposition 
of iron pigment and that no fibrosis is associated with these lesions. 


Case Finding among Industrial, Nonindustrial and Institutional Groups by 
Dr. Alan Filek, Director of the Division of Tuberculosis, Wisconsin State Board 
of Health. 

Since September, 1941, the State Board of Health has been operating a travel- 
ing X-ray unit consisting of a 35 mm. photofluorographic apparatus. It has 
visited all but eleven counties of the state and has taken over 80,000 films. An 
analysis of 36,160 films taken in 1943 indicates that 11 per 1,000 active, undeter- 
mined active, suspicious and arrested cases are found in industry; 18 per 1,000 
in nonindustrial centres; and 30 per 1,000 in state and county institutions. 
County homes and asylums have a ratio of 49 per 1,000. Seventy-five to 85 
per cent of the cases found are in the minimal stage of the disease. Other chest 
findings are present in the ratio of 19 per 1,000 in nonindustrial centres; 21 per 
1,000 in industrial centres; and 50 per 1,000 in county institutions. A total of 
970 cases were referred for 14 x 17 X-ray films and further studies. 
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Of 1,098 active suspicious and inactive cases found by the unit, 66 per cent 
were followed up; 48 per cent of these are still classified as suspicious; 139, or 13 
per cent, are definitely active. Of the active cases found, 50 per cent are mini- 
mal; 27 per cent are moderately advanced; 17 per cent are far advanced. Ad- 
mitted to sanatoria were: 14 of 68 minimal cases; 23 of 38 moderately advanced 
cases; 9 of 23 far advanced cases. 

Eighteen per cent of all cases of tuberculosis reported to the State Board of 
Health in 1943 were discovered by this unit. 


Significant Data on Tuberculosis in Milwaukee during 1943 by Dr. Florence 
MacInnis, Milwaukee. 

The active tuberculosis register of the Milwaukee City Health Department 
carried 1,701 cases in December, 1943, of which 1,103 were classified as active 
and 598 as quiescent or apparently arrested. Five hundred and seventy new 
cases were reported in 1943, of which 426 were considered active; 324 of these 
were hospitalized. The Milwaukee tuberculosis rate increased in 1943 to 38.4 
per 100,000 population from 34.3 per 100,000 population in 1942. 


Short-term Pneumothorax by Dr. K. G. Bulley, East Aurora, Illinois. 

In a group of 47 patients in whom pneumothorax was maintained for periods 
of less than one year, 37 have remained well over an average of three and one-half 
years. It was felt that, where limiting adhesions were not present, short-term 
pneumothorax is as good as long-term, and that cavities will remain closed with 
less danger of complications. 


The Aims and Accomplishments of the Committee on Undergraduate Medical 
Education of the American Trudeau Society were discussed by Dr. Frank L. 
Jennings, Indianapolis, Indiana, Chairman of this Committee. 


Thoracoplasty in Some Advanced Cases of Tuberculous Bronchitis by Dr. James 
M. Wilkie, Madison. 

Five cases of far advanced pulmonary tuberculosis complicated by extensive 
tuberculous bronchitis were presented which had been treated by thoracoplasty 
with what was felt to be gratifying results. Response to operation in a few 
instances had been dramatic, and in most instances the bronchitic lesions had 
cleared rapidly. In this series, control of the bronchial disease was directly 
proportional to control of parenchymal lesions. The most frequent and signifi- 
cant operative complication was atelectasis. In most instances the atelectasis 
responded satisfactorily to vigorous “stir-up” treatment; rarely were broncho- 
scopic aspirations necessary. 


The Significance of Tubercle Bacilli in Fasting Gastric Contents by Dr. David D. 
Feld, Wauwatosa. 

Gastric aspirations are used at Muirdale Sanatorium in all patients who deny 
raising sputum, who are sputum-negative or when there is doubt as to the 
source of the specimen. All specimens are cultured on three tubes. A patient 
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with tubercle bacilli in his gastric contents is considered to have active tubercu- 
losis. If five successive aspirations are negative and if other findings warrant it, 
an individual is considered as having no evidence of active tuberculosis. Before 
patients are discharged as inactive, it is required that they be negative to repeated 
series of aspirations or to five successive aspirations. The results of 4,214 
examinations of the gastric contents of 868 adult patients were reported. 


Some Problems in the Differential Diagnosis of Pulmonary Tuberculosis and Atypi- 
cal Pneumonia by Dr. Helen A. Dickie, Madison. 

The differential diagnosis of primary atypical pneumonia and pulmonary 
tuberculosis may be difficult and the accurate diagnosis greatly delayed because 
the pulmonary changes of the former may persist for months. A most impor- 
tant factor in the differential diagnosis is the use of adequate methods of demon- 
strating the tubercle bacilli while the lesion is relatively acute. In massive 
pleural effusions, the tuberculin test, particularly a recent positive tuberculin 
test, is of marked diagnostic significance. The patient who develops a massive 
pleural effusion must be observed for a period of years to be sure that the lesion 
was not tuberculous instead of being associated with a primary atypical 
pneumonia. 
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